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1 who comes upon th 
Account that do; to. re- 
turn Thanks for Kindneſſes out 
of the common Road; to have 
anſwer d his Deſign the more ef- 
fectualy, ſhou'd have found ſome 


ſeems hut poorly to expreſs, 
Sence of Favours that are a 


ther extraordinary when the Me- 
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other Way for't than this. A Man 
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little Character of being a vulgar and 
cuſtomary One. Such 1 is a Dediea- 


tion: A Thing written every D ay; 
very Pen; and to every Perſon © 
The flanding Compliment, that 


paſſes upon all Occafions ; and that 


which inſolvent Debechs (t thoſe 


that wou'd be juſt) have ever made 


a Trade of Offering, inſtead of 


Payment. One therefore that 18 


conſcious of ſo great a Debt, (as 
Twou'd be thought to own by this 
Addreſs) muſt neceſſarily lie un- 


der a mighty Diſadvantage. For 
neither great Obligations on the 


one Hand, nor the Acknowledg- ; 
ments of a grateful Mind on the 
other, can (by any Painting here) 
ever appear to be what they are. 
A Man may deſcribe the Favoure 
of 


" © 4 * F ACT 
- F « ll C 3 FF 
* * 
* 
3 5 


ee Wi 


01 a generous Friend,” and his dh 
just Sence and Reſentments of _ 
chem too: But after all; ; betthey = 
Jever ſo great in themſelves; they 
eſſen by coming down into hm 
ay of Repreſentation. Notwith- 
inding this, the Great Law of Gi Gras 
g titude u urges me to obey it: And 1 
Have onelulted tis better to do 
5 t with ſome Diſadvantages; than 
» 0 incur the Guilt of a total Neg 
| Nea. Be pleaſed then (818) to let 
This ſtand as the Monument of a 
| Sratitüde that woa d have been great" 
\ ſmall and trivial Acknowledg⸗ 
Went Lconfeſs: But yet the ge- 
Puine Product of that, Which is 
low d to add a Value to the moſt 
Heſpicable Things For ſuch isa 
fincere good Will. Had thefe been 
no 1 anck had 
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A eonkder'd- only thoſe; that ate 00 
be drawn from your ſelf; ihis Bon 
had been inſeribed to You ef eourſe 
FPypery Subject that's fine and cu- 
rious does of Right belong to You if 
But Philoſophical Matters are pecus 
lia) Yours. In the Midſt of all Bk: 
Vbur weighty Buſineſſes, Lou find Bp 
Time to converſe with Nature, to 
ſo good Purpoſe; that thaſe that 
know! You fo well, as 'tis:my.Hap- Wl 
| to-do, are ſenfible Shes 
fond of Your Acquaintance; and 
does by very particular Favouts 
tho the Liberty I take in aſſerting 
the Truth may give ſome: Um? 
brage to @ Vertue (which at preſent 
ſhall be Nameleſs) yet ſo mueh do 
J cenſide in che Protection of N 
een, that I date — en- 
ce A me 
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Epiſtle Dedicatory. 
flame the Reckoning: III. confeſs 
the Crime to be voluntary and pre- 
ſumptuous, and that I knew before- 
hand, how nice and tender You 
were in this Point. If You ($18) 
Think fit to carry on ſuch a Deſign, 
is that of hiding Beauties, which 
8 dught to be expoſed to the World: 
ou muſt pardon thoſe People that 
ct lo good a Part, as to diſcover the 
9 ,ontrivance, and ſo are free as to 
Wy, tis the only Peice of Injuſtice 


Vices, Addreſſes of this nature are 
Wommonly chargeable with; mine 
Wo You, has Two Vertues to re- 
3 Sommend it, Truth and Inno- 
Fence. For tis true in the high- 
a Degree, that You have made 
e Your Debtor ; as You do the 
Reſt of Mankind "You Admirers. 


ou can be guilty of. Whatever 
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mine. The Principles moſt certainly are all 
his own: And if 1 have attempted any where 
to make any Ufes of them, or to. draw any 
Conſequences from them; yet the indiſpu- 
table-Right that he has to the Former, gives 


r 


him\ a Tithe tothe Latter "alſo, where they 
are juſt and good. I his is certain, that his. 
Inventions are nem ana compleat ; and equall 
_ exclude all the Additions. and Claims of thoſe 
that come after. But that 1 may not be ima. 
Ein d to thibw my Miſtakes (if I have com. 
mitted any) upon the Great Author, and by 
ching all is his, either be thought t0' reflets 
on him, or to deſgu to ſereen, and ſhelter my 
ſelf: Whatſoever is amiſs and faulty, I tale 
1 entirely upon my ſelf, and declare it not to 
be the Effect of the Principles that ſhow d\have 
guided me, but of my own: Inadvertency too, 
and not being guided by them. 


ty 


And as ] oupht not to havę omitted (or 
ſaid" leſs than) this, upon this Head ; "fo the Wil 
 fritieſt Juſtice, and the Rules of good Mun. 

ners, as I apprehend the Matter, did bath Wl 
oblige me to ſay what Intereſt he had in this i 
Bool, and how many Ways tis bis own : Fur 
tho” there's no manner f Danger in not own- 
ing Mr. Newton's Theorems ; and his Inn. 
tions, in a e ſoe der they are, will i 
Det it ſeems at 00 hanafome and deſcent" for 


The PREFACE. | 
4 Mam to tell the World Nn W u, 
. uy "24 Liberties. - uy | 
4 e $4 
| As far the Reception his Ondertaking 
; ihe: to meet with in the World; I have ae 
ane at all about the Matter. Came People 
| 0 dom all Books of courſe, that are uot mrit 
2 themſelves, or thoſe of their omn Faltion: 
8 rd others do out f pure Spleen, becauſe the 
uatur d Subjetk mont ſtoop ta their Under. 
y 1e Some People again naturally loue 
. Fault; their Gab prompts them tg 
3 2 * and cenſure, and they take the ſame Pla- 
F 1 ure and Satisfaction in — that others do in 
by: Je very beſt Employments of theis Minds. Fr "= 
4 $ every. Man that writes, * 
| Ar written, runs the Ri 
ensures: As many at 1 of « Toſs 
ces, Humours aud Fancies en 1 1. 
1 ates of good and bad Books are very often like 
% of good and bad Men in this World: So 
1 ert ain and confuſed, that the true Characters 
ier are often not to be known, I Writing | 
el in Manners, he that does ill may chance 
# bobs commended. fort, and he N dass well 
without 4 Recompence, ht to xemember 
UW ney Lewd can bee rv 08 


Y 4 1 H IJ wy 
/ z7 a? 5 Borte thinks: this Workwosd FM 
- . own. Hund better than mine; FI 


. 2 16/4 that Point ta him, Fur l 
1 | ö 


for want of 4 L. 


f Abs "I | 1 . f 1 
# r 3 * , ; : 
þ * Y 0 ” Fu | , 
o " V4 ne $ * , \ 2 by . 
N 5 
# St 


great many. has make! 4 Abi ind 4 Buſts 
can do little elſe but that : Tet there are ſome 


that will boaſt and perform too; ſo unlucky 4 


Lodging have their good: Qualities gotten. 1 


0 deſire only it may be minded, that my Deſign 


here, is not ta entertain thoſe Fi. are f an 
advanced: Standing in this noble Philoſophy, 
but to introduce thoſe that wou d be acquaint- 


ed with it, and have af much Mathematics 
as is neceſſ, ary to qualiſie them for it. And 


therefore upon ſuch an Account a Man is obli- 
ged to deſcend to a Multitude of little Things, 


that otherwiſe moubd not be neceſſary, and may 


ſeem to take off from the Elegancy of what the 


does. \'?I'wou'd be an eaſie Matter, either FE | 


omitting at «firſt, or afterwards. taking 
veral uſefu Superfluities brought >. 
1 


Sake f Beginners, to mate Things the 


Kind appear, in 4 more YO A EY 
to fo. JE e hk 


F. anther, 5 ane a 1 lane "hangs more 
ea; ally ſerviceable here at Home, I choſẽ 
to male it appear in Engliſh rather than 
Latin. For of it be granted that Mr. New- 


on why a Multitude-of very capable 
E 2 be ee 702 them meerly 


Jeries are 3 uſeful, there's 


Bat if it be grant- 
ed (us it will be by at. chat know them) that 


7 wig are the fineſt Pieces of Human K nowleage 
2 | u 
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in the "World," iben the Reaſon groms very 

frong, why they pon 'A be put in ſuch a Lan- 
unge as they under ſtand. Again, 4 Man is 

Took to believe that the Illuſtrious Author 
4 e what he was pleaſed to publiſh, ſhows: 
be known" und that not to a fem Perſons only. 

- who. fortunately had the Advantige of an E- 
duration; but t all whom N ature had quali- 
fied" with good Reaſon,” and their own Indu- 
try with” Still in Mathematics. To think 
leſs than this, is to ſuppoſe him cupableè of en 
vying a" Part of Mankind the Knowledge of 
his Diſeoveries, which*wowd be no ſmall Af 
front to a Soul much leſs than "his. "Now if 
there be any that ſpon'd ſay, tis to leſſen and 
depretiate theſe ſublime Pieces of Philoſophy to 
expoſe them to the Vulg ar by « Publication 
in Engliſh : That they ought to be entruſted 
only with thoſe that have Skill and Judgment 
to mute 4 right Uſe of them: And (in a 
Word) that others, by going away with crude 
ke MNotions; will do themſelves no 
Nindneſe, and diſparage the Things They talk 

c into the Bargain. ee an 
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Tu inden, I'wnfeſs, do fone Peopletrgue = 
For keeping the Sacred Books in an unknown | 
"Tongite : But me pretend to e e — 
berry, at leaſt with riſpett to our Philoſophy. 
Aud methinks both in the one and the other 
Cafe ; i unreaſonable that thoſe thut oh 


make 


Country, fot fear ſome People 


The PREFACE; 
a "wake 4 ood Improvement; ſhowd be kept. in . 
Darkneſs, for the Sate of them, that nau, 
abuſe their Light, If 4 curious Treatiſe. 
ſhow?d not appear in the wglear Tongue of 4 


ſhou'd play the 
Fool with it, and male an impertinent We of. 
what it diſcovers: Iwill be very hard. to find 
| what Language it ought to be printed in. 
For tis no unlikely thing #hat. there bond 
be Fools of all Nations and Languages, and 
tis Ten to One but ſome of theſe do meet with 
an Author, which ſoever of them all he chuſes. 
We wainly flatter our . ſolves, ub doubt, to 
_ think we have ſecured a fine Thing from ul» 
gar Under ſtandings, by putting it into Latin. 
For we ought to believe that there are Me- 
chanicks in Learning, as well as in Traue, 
and ſome vu gar People that drudge mith Boots, 
as well as others with Spades and Hammers, 
*T were well if all Men eon d get Skill in Lan- 
guages ; but good Senſe and this | Skill are 
ver) often no ' Friends to each other, and 
wort live together in the ſame Head. And 
when they are apart, methinks, tis no hard 
Point to determine on which Side the uulgar 
_ - Underſtanding lies, But. to anſwer them that 
wont otherwiſe be anſwer d; let them conſider = 
in what Language our moſt celebrated Geo- 
metry. Profeſſor, Capt. Halley, has conde- 
ſeended to publiſh © good part of his invaluable 
Performances. And let em conſider Mr. New- 
ton 


** 


Tue PRBBNCE) 
ton's Boot of Light and Colours, where. the - 
rich Ty eaſur es lie expos'd alſo in dur om 
Ti NG 4 RT 


And nom I have done with that Matter: 
1 ſhall only. add as to the Book it ſelf, that, 
1 hope, the Peruſal of it pill neither be un. 
pleaſant nor unprofitable to. the ingenious: well 
qualified Reader. And when he comes to per- 
ceive the Uſe and Advantage of theſe Things, 
and how they tend to lead him into the moſe- 
profound and pleaſing Spetulations of Nature; 
let him then return his Thanks to the great - 
Genius to whom all this is owing; and if be 
thinks it fit to allow my Pains little 
Share of his Acknowledgment, bell make. me 
his Debtor therehy, and bind me to farther 
Endeavours for his Service. 13 


2 i " 93 N £ t e „ 
Bat tho I have treſpaſed upon the Readers 
Patience thus long, I muſt beg his Pardon, 
F I deſire the Continuance of it jet a little 
77. The Laws deliver d in this Irtatiſe 
relating to the Motions, Forces and Velo- 
cities of Bodies, are but very particular and 
narrom Things, in 2 of that great ant 
univerſal Law of the World, that Motion 
is eſſential to Matter. Ihe Perſon that ad- 
vances this (and paſſes his Word for the Traub 
of is Mr. Toland, who has written 4 large © 
Lutter about it, which may be ſeen in his Book, SY 
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galt ul; Letters to Serena. An as m 
the prett awd; of /N attire are capable of . 


ny excellent ana profitable Applications; ſo 


the Dees of this Principle are ( io we dare be- 


lieve him) both very many and very great. 
I Clue that" will F Farrhf thy guille fo Man 
thro" ſome of "the moſt ere Difficulties 
in Nature, and enable him to give ſueh So 
lutions, a4 cannot be given - any other Way, 
Mr. Toland ſays" an "much an rhis amounts 
roof it; "which" is the ſame Thing, © as if be 
1 A in other Words, That 0 conduce 

e maling Philofoph "xs little myſteri- 


ond as Chriſtianity : t ſelf. "How lll that 


, he, perhaps, very well knows ; and howlit- 
th Darkneſs this Notton leaves in one parti 
cular 2 5 in Phyſicks, without anything of * 
Perhaps, I am ſure I do know.” For to grve #. 
clear and ſatisfattory Account of the Vis Mo- 
trix and the Vis Impreſſa; he ſays,” That the 
Vis Motrix i the general and eſſential Att. | 
on of Matter; and the Vis'Tmpreſſa the par- 
ds Determination of that gener nl Action. 
Now, this mikes all he Myſtery of the Buſi- 
neſs vaniſh at once, and the Philo ophers need 
torture their Heats about it 10 longer. In 4 
Worll, other People may think as they pleaſe, 
but T muſt be, excuſed, if 1 pretend to believe, 
that Mr. Toland'is in Jeſt, and ads 4 Part. 
Tu much more civil to ſu uppoſe this, Tam fort, 


than to believe him to be in Earneſt.” F 
us 


1 


N "The PREFAQE. 


when a Man appears to be warm "and ſri 
in the Management of 4 Subjeth, talks a waſt 
deal upon it, ſpeaks. with. the laftvDegree of 
Aſſar ance, and, after all, ſays nothing to 
Purpoſe : To ſay, He believes: what he 2 7 
ive him the ill Name of 1. val, ana: 

| Wi him ſenſleſs and. ſtupid ; which are Tous 

Ind uſe 10 no Man. But t fate that 

Part mhich I do, is at woſt bat to make him 
4 little 3 diſpoſed, and ta lous (in 4 
merry Way) i put upon Peoples Underſtands 
es which Character, perhaps, may 4 ors 6. 
dpi ng and diſa e i oy oland, 

an the. former. "Tn Case of this, Las- 
deavaur 10 . 1 "Same 2 bs 90 
ink Reg a I | 

Av ks 


TY Roe: be abs particatin Care to 
10 * _—_— but ſuch as be is ſure not [bo 
conclude with: And if he does. pretend to 
Prove. his Point, ths in ſuch 4 Manner as 
daun never poſſibly. un che _ ta hea 
5 e eee en n 
y N | . 
ww Abe ie coker e that | 
 wajhe.an Objection. in bis Way, he deals with 
Han A very. ee e, 5 Wo 
and tenderly; without making. an 1 
fn the leo faulen 2 £01 G3 
1 * 41 584 JU it * Sun enen 
*. 92 89 03 3h 8⁰⁰ a unn bas.” 1 
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a EA lfarion, than he is careful to raiſe 
miſes, does neither perform n not Nn 


Tow RETACE 


0 In PR 1 * "ny 0 49 n . RA ur 


75 a 1 16 110 leſs PRs bis. Rea 


its Aud after he has wade: very liberal Pro- 


* adn for IONS VL 0 

IT 4. He . very . 8 
Notionsito Truths that are ſufficiently proved, 
and lays his own. Opinions without 7 Rea- _ 
ſons," in the Ballance with We, that are 


capable of: ere e = 


17 


Foe Ea 4 Man does f PR Thi 4 - 
e "tis not unreaſo le to ſuſpect, that 

is 4 Wy in Jeſt, or out of his. 2 But the 
firſt. Sup oſetion is the more good-natur'd and 
* the Two, n 1 e _—_— 
rs hn the aw W 


e us now 1 ee bY: 3 
of theſe Reaſons alledged. peoples order to the 
firit, we may obſerve, that this "Gentleman 
expreſſes his Mind about Motions being eſ- | 
ſential to Matter with the \utmoſt\Plainneſs 
and Perſpicuity; ſo that *tis impaſſuble-to- doubt 
of or miſtake his \ true Meaning. I hold, 
(fo, he Fag. 159.) that Motion is eſſential 

to Matter; As is to ſay, b 
— its Nature as Impenetrability or Ex- 
tenſion, and that it ought to A 
art 


* 4 p 0 
D 7 * 
% wp n 7 1 ts 
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r 1 . 
ore 
Part of its*Definirion;" And (Pag. 161) 
My only Buſineſs is to prove Matter hecef- 
farily ackive, as well as extended? AR = 
7 quote no more," he tells 145 Pag. 168.) He 
maintains, that Matter can be no "trite" 
conceiv*d without Motion; than witheur 
Extenſion,” and that the one is a5 insel 
parable from it as the other? Wem nher 
e bas (in Letter V) ſpent eber a PN 
Aiſcbar ſing. upon the \uncet3un und cyangenble 
State of Matter every whore in the Univer? | 
ſhewins, that\the Purtrof it anllergo a0 
und Viciſſitudes and "Alter ations, un 1b. 
in Bodies of all Forms and Textures -obvth 
thoſe which, we ſuſpect" the leaſt" ablg 10 
Changes. Having done this} he cones vb 
Ther up all into 4 Conclaſion; uud infers ufer IN 
his manner (Pag. 20) A think) after = 
all that has been ſaid, may now venture - MW 
toconclude, that Action is efeatial to Mat. = 
ter; ſinoe it muſt be thelreal Subſect of 
all thoſe Modifications, Whiehr ure calld 
Local Motions, Changes, Diffetences or 
-Diverſitics: And principallx, beeauſe ab- 
YolateRepoſe (on Which the Iactivi vor 
Lumpiſhneſs of Mattef was built iden- 
cirely deſtroy'd, and-prow®'no'whereto 
"exiſt; N al rh 1 Jo perfhtiy Foruigu io 
Nr. Toland's Pur poſe, rin vt df i do h , 
that ſbou d grant him the Trathof his Premiſes, 
999 4 leaſt wou'd deny that his Concluſion 
3 a 2 | Fol. 
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The PREFACE 
follom d wy 1. Grant that che Parts of 
Matter every where throughout the Univerſe 

Oe bis Pro Proofs do nat pretend to reach ſo 
far) were in this State of continual Flux and 
Change. Grant that they undergo all the Re- 
ques; and Shiftings of Place and Form tha, | 
he ſpeaks of, and Tem Thoaſand more. Let it 

le talen ad A Truth, that there is ub abſolute : 

Repoſe,-but Motion in all & 22 Matter, 

both greater and leſs : And after all, I, 

Quid-Colligis-inde? Wil it follow; that this 

Allium is of te Eſſence of Matter, and that 
Matter. cant be Matter without: 21 By a0 
Meaps in the World. Mr. Toland tan Shar 

bum, chat tie no good: Arguing to ſuy, this 
| * hy wee 2 1 tis Nel 
weteſſari 0, and impoſſible to 
otheewiſe... I find this Thing may be predicated | 
of this, Subjet?, and 40700 the ; Subject 
det exiſt, cant be dtm d, ont he doneri vd 
1 f without it. If this were allowable,\a Man 


| 1ight infer's Multitade of Things that are . 
notoriouſly. falſe and abſurd, and which. all 
, Mankind will grant to be ſo, at the firſ Heat- 


= Ro, 14nd; therefore I won d hope I need not 
W Eres it, = faok chis 
: Men of :pravingouly to ſhew, that, however 
Ve tras pleaſed? to, bynter, _ 85 nor mary of 
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bs the mut Place, 46 10 his Wa Ef trea 47 
ing Objections, we ſball find him ever cari 
obſerving. the Mations:gf-4 Difficalty, towards 
him, and by prudent aud well cantrivid Steps 
ren out of the Reach ont. For 
The B win neſs.of the- different - N 151. 
ties of Bodies equal in Bulk, Figs aged % 
Prong 4 Vacuum, from whexce th e 

Matter mou'd be fairly 5 Mr. To- 
ſand takes. Notice of it 195 „1839 4 4 
1 19 Reply, ſo heh come an nſw 


IR ES et 

ta Man that Urges t „ mu = 
ole 7 be meer 
We 5 ariſons. of certain St. 


uations and OEM al Preſſures : , Bur t 125 
t. ey. arg real Beings, and abſo te ighe- 
rent Oualities, Which is now) by, every” 
Body ehe and contrary to the Rules 
of Mechanics. Here now i the Solutjons.: 
From mhence he diverges immediately as far e 

| the original Chaos it ſelf, where he cht, 

That there cou'd be no 1 op Levi- 
ty; and, That theſe Qualxies. wholly, de- 
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pad on the ee d n 
g 


he e e 1 955 * it ſelf, 
affirms, I Noten. 0 © is as confuſed 
and Wade as the Import of the 


Name; and built in — Step on Wo 
ſitions that are not only arbitrary, but 
Utterly * and chimerical. Nor that he 
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word be thozght ro affront Migſes, or derc x 


apy thing from the Sctipture,' whith 1% 4-0 
x Chaos expreſly bur only coming thus „ 
10 he at the greater Difance from's Pain 0 


he "aided 1 this by" ; way 0 Ecucidition and En 


Went. Wow, 5 d be had any | real. Spie 
ar the 1 ament, he mor nol hat bone" to 
[ ale of this,” and thi, ah. the other 


* 


for that's s meer Ir 2 enden. 
vo A to have ſhewn + Job thij Fact, which is 
plitn and. undinttbke viz. Thin Boe 0 e- | 
qual Magnitude: hive. Urſferont Specifick Gr 
Met; how this, ſay, either "had not We 
ſufficient to infer « Vacuity : "Or elſe hom his 
Doctrine of th Eſſential x ivity of Mat- 
ter might notwith ro for have heen main- 


„ and cloſe to the 
| Purpoſe, where as what he«dogs i very remote 
"and far from ii. Nur not a Jot 10 dhe Mal. 
ter in Hand (. to the main Reſult) what 


Gravity is, or whit it depends" apon ; If it. 


be true and + certain in Nature au in F att, 
That Bodies of equal Ball are thus untquall 
 hequy.”' For this will manifeſtly iner, that 


"the Quantity "of Matter in the One Tangot be 


for. great as that in the: Other; mither is the 


"Conſequence to be evoided, Gal by * 
wy from $I des POT 
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* The TRE TAGE 
= ain; As to the old. Argument for Va- 
cuit), that without this 4 Body mov d by any- 
ther 5 find no Place nor Room 10 betabe 
it ſelf into. Jo this he anſmers..(with . 
wonted Moderation — all Objettions..) 
For you, (/ he to the Opponent, Pag. 108.) 
to ſpeak in this Manner, is not only. to 
"ow the. lame we 8 12 
105 our Farmers, k , 
Points B and C, Mo mol AE. 
Points about them, ih be rea * fix id and 
in abſolute Repoſe. Bat then; e main Spi- 
rit of the Anſwer. is behind; for 1 Hir, 
Thal if he fuceeeds in proving the natural, A 
ſential, intrinſick aud neceflary, Motion. 
"Matter, then all thoſe 1 1 will vani 
and appear to he nothing. Which is as, much 
4 to ſay, He'll let the * alone or. ths 
time, but the net time he tates it in h 
e intends it ſhall. nat come elf upon fo eaſe 
erms. So that he fairly A0 Harges it fur 
7 reſent, and bids it expect the. Reſult of 
bs aving proud Motion eſſential to W 
And erbapy this is mote Civility, than. cdu d 
have been expected from any Man bat Mr. Lo- 
land. Another , Perſon. that had confronted 
an Objection in this Manner iron d hardly 
have parted with it without making one At- 
tack at leaſt; whereas be... contents himſelf 
nth beſtowing « mall Threatni ng upon it, and 
Kr it go with out n {ore CAS: 50 . = 
B. 
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B further er: Nu worth tubing Notice 
bow lutle Deſien 10 ſaticfie, there appears," in 
"bis Method of illuſtrating Difficmities, as well 
. anſwering, Objettions. "Now bis Way of 
doing tim i, th make the very Expedient that 
n to nemo one. Difficulty, involve Two” or | 
Tue mute en ave eue peeling. 
L Infant (rig, 176) 5e del, 6, Tha 
ng l oo the Activity of Matter Will 
cleat up all dark and -doubtfil Points 
about A,u . For hs he) as thoſe 
particular or limited Quantities Which we 
Call fuch or ſuch Bodies, are but ſeverall 
Modifications of the general Extenſion f 
Matter in Which they are all cantaitfd, - 
and Which they neither increaſe nor di- 
miniſh; ſo all the particular Local Mo- 
tions of Matter are but the ſeveral Derer-" . 
minations of its general Action, direct- 


3 ing it this or that Way, by theſe or thoſe. 


Cauſes, in this or that Manner, without 
giving it any Augmentation or Diminu- 
tion. Now were Mr. Toland very ſerious, 
an intelligent Reader mou d think he dend 
10 affront his Underſtanding by offering 
ſuch 4 Thing as this to him * the Solution 
\ of a Difficulty. And who cond do leſs,” to 
fee a Man canningly top a Notion upon him 
(while he pretends to inform him) that i 
ſo abſolutely precarious and obſcure, ax tis 
Notion of particular Bodies and their N 

pity trons ? 


e . 
tion? They art the Modifications of the 
general Extenfion, and the general AQti- 
on of Matter. Bar bw 4 this made 'out'? 
Why" My. Toland 1. ys ſo's But # Mr. To- 
land h „ aul curſeè all Man- 
kind into the Bargain oo wont believe him, 
will never paſs for 4 Traub, for al that, 5 
among ft oy that are guided by Reaſon, bs 
Ought not be to have put it paſt Diſpute, 
that Partien, Bodies nere no more * 5 
hin Mod of the tg Er b- _ 
+ x Diſſes; DT? Oh if Ids _ Ro 
#ny there" er warde, it nud have bees __ 
ſuſſitient. ©" But © never to do it, and het ro 
7 it, is to beg his Point in 'the moſt ſor- 
did Manner imaginable, and to trifle with bis 
Reader ang, UA he were nor in Te I 


T se that the Notion of Th : 
fie 0 pa * * ling with him, and that + 
ly traſt to Io for the _ 
| q 555 pion of particular Bodies. 
| tom well enoup hh the Nets of 
I Th Matter my be infinitely falſe and 
fard,” for a mo he has | er'd to prove 
"the" Wal favs: Aud whereas he ſeems to be 
Trying ar it Fag. 213, c.) "tis evident to 5 
2 a. (thit enn ſee when a Man preſſes on a 
an Argument with Courage, and mhen he does | 
it © mer by the Balg, of his Pro- 
| $a —_ 
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£8 chain, Jonmethche'fa 22 abr e, 3 
__ = his Reqſoming upun that Haad. However, © of 
a Fhexe needs mo more 10 be ſaid; for {Page 
1 21 55 he ſets the Iufiniteneſs of atter up- . 
4 on the ſame Foot with the Eſſential Aitivity Wl /« 
q f it, and hie before tool Care \to.offer. no'more to 
4 thun e Yor the Proof of. U Do- G 
= ine. yh bak K Mose N fri 
1 *A 7 
1 1. . next Plas, N. bit Performances by la 
I 7 8 Rn Encouragement to ex ” b 
T rom m, may. be ſeen at 159. 8 th 
| be ſpeaks: of 10 leſs Things, * y — N. 


of, the fame Quantity of Matter in the Uni- 
verſe, proving chat there can he Vacuum, 
ſolving all the Difficulties about the Vis Mo- 
| Tg, wh 4 ee 2 2 more 15 theſe. 
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. whole. Number; or that he has ( much more) 8 

ſbemn that no other. 2 can do it, * Ip 

. That alone ; Pl then. beg his Pardon fer af Ge 

ſertin 2 that he has not. In*the. mean time, ea 
Int tranſeribe his whole Book, but 2 133 
Beader that will tate the Pains may n na 
| ** in the Righe' BW (ey E 
1 | b 6 0 121 ; ) 0 
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\ Laſtly; He makes no Scruple of ſetting any 
ö 2 his own anprov'd. precarious Opinions, in 
ompetition with Things that hade convineing © , == 
Proof and Evidenceof their ſide, and are univer- _ 
ſally omni d to be ſuch.*T is a Point that Mr. New. 
ton has ſet paſt all Diſpute, that the Weights or 
Gravitating Forces of Bodies at equal Diſtances 
from the Center, are proportional to the Quan- 
tity. of Matter in them. But with; Mr. To- 5 
land this is yet a Controverſie - Leaſt I en- 1 
gage my ſelf in a Diſpute (/ays he) about 1 
the Nature of Gravity, as whether the 1 
Weight of Bodies be proportional to the p 
Quantity of Matter, Cc. Pag. 20797. 


Again; *Fis a Truth ſalficibntij clear, that 
the external Preſſures of the Atmoſtphere and 
Ather, have nothing to do, as cauſes either in 
mhole or in part of ſuch an Effect as Gravity in 
Bodies; therefore external Preſſures can ble 
of 10 Significant) to the Producing ſuch an 
ml as the different Specifick Gravities of 
Houies. Bui he is pleaſed to detlar? his Opi- 
nian to be othetwiſe, and allom Preſſure a 
Share in that Phenomenon. - Tho their ; 
Specifick Gravities: (peaking of. Cork, Lead, 
Gold, 4d the likr) be ſo different from 
each other; proceedin 8 
nul Preſſures, ani partly from thoſe inter- 
nal Structures and Modifications, which 
Nen * vol Forms 


a . 
= Fe” "I The P R E1 K A G E. 
I 2: 4 that. conſtitute their Species, 4 
Ii. This (ſhs he) is my own Opinion, 
=: Whatever be my Reaſons for it. Hud, 
1 is admirably mell ſaid; and perhaps be dem | 
well enough wi le ſbou'd keep his Reaſons 10 
iy himſelf. But however ; this. very Paſſage 
1 Alone is enough to Jaſifi my Surmiſe, that 
= WM Mr. Toland word be thonght to hanter. 
650 fer an Opinion that thuarts 4 Matten of 
Demonſtration, and ſay, 1 believe thus and 
thus whatever be my N 1 forlt, * | 
hr Js 7 hing as.to fay, 1 aro; Ale 


8 1 bort, Mr. Tolaud . . 
= manage the Point much after the ſame Man. 
= ner with Lord Peter in the Tale of a Tub, 
The One culls u bromn Crit, Mutton and 
Claret ; as the Other does anch unn Rafe 
logtſm, "Reaſon aud found. le 29. Ron, 
appear grave and ſerious in they. d 
aud ſay; and agree in adling an 
wks, One _ the er the 0 — es 
an the Under ſtandings of ſs they talk 141 
The Difference is, that One ſwears to une 
Truth of what he ſays, and the\\Other vis ? 
modeſt as to pamm his: ord Jett * 
thert' u0 queſtion hut Peter hat D 
Reaſons t Hing by him, 20 1prove' e I 
ſaid: to be true: Oui) (like nthi, 1. Cen 
Houle not pleaſed. 3 41 1 nm fi. 
e for hum to jay, * , 


4 * 
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- The PREFACE 7 
which looks like a brown Cruſt, iz really what 
] have told you, Whatever be my Reaſons 
fort. Ber Peter's Mutton, and Claret mas 
certainly. never more like 4 Piece of @ brown 
Loaf, than. Mr. Toland's Philoſophy is lite 
Paralogiſm. The Reſemblance is ſuch, that I 
doubt. 08, he has or will find, ti univerſally 
taken for the ver) ſame Thing in the World. 
FY INB AR EASZEY T1” DENT $54 


1 ſhal ſn 10 more; bur only that I hear, 
ſome Queſtions will ſbortiy be propoſed to him 
upon the Buſineſs f Real Space. For my 


own Part have nothing to do with that 


Point, and as much as I value the Juag- 


ments of eme that defend it, in other Mat- 


ters, cannot ſubſeribe to them in this. I do 
believe, As well as Mr . Toland, that many of 
thoſe Gentlemen firmly beljev'd the Exiſtence 
of « Dexty.. But I alſo believe too, that Infi- 
nite  neceſſarily- ſelf⸗ moving Matter | may 
erve to entertain an Atheiſt, as well as Al. 
JJ 

Tt remains ond) now, fur me to return my 


humble Thanks to the Reader, and bid him, 
Farewell. 1 9 
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NE. The Reader may, if he line, omit 
the Lemma (at Pag. 1 38.) and take the Whole 
Ly { ' Proceſs (for the Inveſtigation of the follow- 
ing Theor..4.) thus. Uſing all the Syn4 
bols as in the Lemma, from the Nature ii 
the Circle tis YY= 2 RX-XX, and 05 
xz alſo D'=2RX, and d . Bat at 
leaſt D and d are coincident with A and 4 
and x, x with X „4; ſo that then we I 
A 220 : and 4 = Arx; therefore * 
ET 7 Q E. 1. In this manner, I ſay, th 
© Reader may come to the Throrem, without 
the ' Aſſiſtance of the Lemma, whit 
gives the laſt Ratio of the Subtenſe of the 
* Angie of Contact to the conterminal Arch 
Tho the Lemma it er too be contain d i 
the proceſs; for ſince =2RX and 75815 
therefore if Rar, then X: *:: A2 
as Directions are ones for the Reading) of it 
in the Errata. $73 48% $1 \. ARK \ \ WY 
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| "LL Bodies will perſevere, i in their 
State of Reſt, or uniform dire& Mo- 
tion, unleſs they are compell'd to 3 
change that State by ſome Force im. a 
1335 upon them | 1 
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The Alteration of Motion is/ ever propor- 


tional to the impreſs'd Force (that cauſes it,) Es 
and the Direction of it is in the ſame Right 
Line with that, according to which the Force 
is 6. bed ö 
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essen is ever equal and contrary Aﬀi- 
of To, Bodies upon one 
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Body will deſcribe the Diagonal of a Pa- 
rallelogram by Two ſeveral Forces com- | 


the one or the other of thoſe Sides by the 
one or . the other of thoſe Forces ſepara tely 
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(FIG-1.Y in the” Time T, With the ener 
M, and in the fame Time, the Eile 
AC, with dne Umform Noli6h * Complett | 
the Parallclogritn,” ariddrawtheDi 


The Diagottal* ATY ſhall be deſeribed by the 


Two Forces thus cobit'd it the fame Fitne 


T: For the Force N acting with the Direeklun 
, parallel to BD, cannot change the Vee» | 
eity of le Mei" towards BD the Body 
chetefore will be carryd tothe Line B00 18 
Ille fafne: Time T, ' whether the Force Nbe 


imprefs A or no; therefore at the End f , 
Time T it will be found ſomewhere in Me 


Line BD. In like manner, the Force M acting 
with the Direction AB, parallel to CD, cannot 
change the Velocity of the Mation towards 
D: Therefore the Body will be carry'd to 
the Line CD, in the ſame Time T, whether 


at the End of the Time Pit will be found ſome- 
_ where in the Line CD. - Therefore ſince at the 


End of that Time it will be found in both + 
theſe Lines BD and CO, it will certainly be 


| found, in D their Interſection, that is La the 
Diagonal Q.E. D. 5 


n hence ariſe the following fn | 
B2  Tuzor. 
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g The rely which the Sides and Diagonal 
| of à Farallelogram are deſcribed, are propor- 
may conſequently, be expounded 


by thoſe Sides, and that Diagonal reſpectively. 


For the Motions being uniform bj the Hypothe- 


ſis, and the Times of the Deſſ ſcription (both of 
the Sides and Diagonal) being prov d. to be the 
ſame hy the foregoing Demonſtration, the Spaces 


deſcribed ſhall be as the Velocities by Lam II. 


or as the Forces to which theſe, Velocities are 
proportional reſpectiyely. Therefore (putting 


the Force in AD=G) it will be G. M: AD, AB 
and G. 1 * _—_ . nt A 
A0. bite: d (i f net 
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LATE MOST THE . 


E Body with à Force reren u to AD 
deſcribes the Right Line AD, the Motion, 'and 


Direction of that Motion will be the ſame as 


if the Body had at firſt been itmpell'd by Two 
Forces, acting according to the Directions AB 
and AC, and proportional to thoſe Lines: There- 
fore any Motion, tho' in it ſelf ever ſo ſimple, 


may be conſidered as compounded of others, 
aud (from this Principle) N e in- 
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- Sip” the Parallelogram as Toy ald a + 
Body to be held immovable inthe Place A by 1 
Two equal Forces acting with contrary Pirecdi. 
ons; the one tending from A to D, and the 
other from A to L. I fay tis the ſame thing | 
as if it were held by Three Forces ading with | 
the Directions from A'toL, from A to , and 
from'A'to C. For the Force AD (by Theor. Il. ) 
is equivalent to the Forces AB and AC. T here- 0 
fore, if the Body be held immovable by: the 
Forces, "whoſe Directions are AD and AL, it it 
will be held by the Forces acting with the Di 
Tetions AL, AB and AC, ar L 5 


E 
«wo os 


: a MY 2 HE O K. IV. - 9 

A Bod) being! thus held immorable by Three 0 
Powers; ; thoſe Powers are one to another di- 
realy as the Lines that are drawn parallel to 1 
their reſpectiye Direftions, and terminated, at 9 | | 
the Point of their mutual Concourſe. , For (7 9 


Theor. 1.) the Powers acting wich the. DireQi- = 
ons Ab, AB, AC are in Proportion as 'thofe - = 
Lines AD, AB, AC- reſpectively taken; that is, 

as the Lines parallel to the Directions, and ter- N 
3 * their common lnterſectias. "7 
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one, another Fecipri 00 


10 CAD; IS 0 — Angle which the Line of PireQion 


Jpeg any Two of theſe Pow ers are e to ; 


My as the ines of the 
Angles which, their. Lines. of. Direction make 


with! the Line of Direction of the Third Power.” 
1 Thus the Power M (whoſe Direction is AB) is 
to! Power N (whoſe Direction is AG).as AB to 


% AC or BD, that is, (becauſe. in any; Triangle . 


the Sides. are: proportional to the Sines of the 4 4 


| oppoſite Angles) as. the Sine of the Angle ADB 


or CAD, to the Sine of the Angle DAB. Now 


of the Power N makes with A the Line of 


ny Direction of the Third Power; 3 ang DAB 1 is 
the Angle which the Line of Bre of the 3 


Power M makes with the {atfie Line AD + 
Therefore the Powers are as the Sines of thoſe 
"Angles reciprocally.” Thus wit] the Power G 


| (whoſe Direction is AD) is to the Power M 5 


as the ine of the Angle BAC, is to the Sine of 
the Angle DAC; that is, as the Sine of the 
Angle AC Q, or the sine of the Angle” ACD 


(the Complement of the Former to the Two 


"Right Angles) is to the Sine "of the Angle ; 
DAG; 15 is, as. AD to We . 
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| Foley ie _ pn 0 
may be ſhewn to be equivalent to an 
infinite Number of Forces acting with different 
Directions. For one and the ſame Line may be 


ee — nn in "uy banal. 


lelogram (F1G. * ABCD i is equivalent | to the 
Forces in AB and AC; and in the Parallelogram 
AGDH the ſame Foree-i is equivalent to the 
Forces in AG and GD, and ſo of infinite others. 
Alſo ſince the Sides of the Parallelogram ABCD 5 
may be made the Diagonals of an infinite Num- 
ber of others the Force in CB may be ſhown to 
de equivalent tc an infinite Number of other 
Forces. For Example ; Make the Side AC the 
Diagonal of the Parallelogram FAEC, and then 
* 54 the . 
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_ the'Diagonal of an infinite Number of Paral- . 
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| = the Force ating . to > the Direction CB 


if 4 will be equivalent to the Forees acting accord- 


ing to the Directions CF, CE and CD; and if 
| Co be made the Diagonal of the Parallelo- 
gram -CEDI,the ſame Force in CB will be equi- 
Talent to the Forces acting in CI, CI, an 
double. the: Force according to the Direction 
: 


Y * and ſo continuing to make the Sides of 
'q .- theſe laſt Parallelograms the Diagonals of o- 
j * thers, and fo on infinitely, the Force in CB may 
Wo be ſhown to be equivalent to an infinite Num- 
ü 3 ber of Forces acting with different Directions. 
1 O 
4 

_ - Let M, N expreſs the Sides of one Parallelo- 


1 gram, and A,B the Forces reſpectively, of 


i ” _ which thoſe Sides are the Directions, and by 
©. which they are deſcribed: Let m, A expreſs the 


. Sides of another Parallelogram, and 4, 6 the 
I Forces. Alſo let the Diagonal common to bot 
1 be D, and the Force whoſe Direction is in Fr 
1 | Line be F. Then y Theor. I) AAB. F; 


9 M- N. D, and ab. F;: + +, =. D. Therefore 
J AB; Ab.: MN: mtu, That is, the 
jk - Sums of the Forces, i in the Sides of the Two 
1 Parallelograms, are directly as the Sums of the 
* Sides.—Likewiſe (from the foremention' 'd Theo- 
i rem, becauſe A: F::M: D, and B: F: N: D. 
5 and woſe re = ee 
| "*% G A 
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FM We, Mk: 
therefore * BD = FXM=FxN; that is 
A—B: F:: MN: D. Aud i for the other 
Parallelogram, it may be ſhewn; that 4—6: F : : 

mn: D. Therefore (by Equality of Proportion) 
AB: a -b MN: m- n. That is, the Dif- 

| ferences of the Forces in the Sides of the Two 
Parallelograms, are direaly as the Differences 
of the sides. N 
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Let the former Symbols ſtand as before . 
only let wm, 1, now expreſs the Sides of a Paral- 
lelogram, whoſe Diagonal is unequal to that | 
of the former; and let this Diagonal be put = 
d, and the Force by which *tis deſcribed be a | 
put = . Alſo let it be D: d:: F: f. Then (by 
Theor. 1) AB: F:: MN: D, and 4 b: 45 
f*: mn: d; therefore A-FB: 15 MIN. 
r 3 may alſd be proved in N 
as iu Cor, II. that A- B: a=b:;M=N : | 
So that tho' the Parallelograms' have rh 
Diagonals, yet thoſe Diagonals being deſcribed 
by uniform Forces proportional to the Leußths 
of them; the Sums or Differences of the Forces, | 
that deſcribe the Sides of thoſe Parallelograms, 8 
ſhall be directly proportional to the Sums or 
Differences of the Sides themſelres. W 
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rag every Reftingular damage rords 
in the Diagonal! is equal in Power to the Forces 


in the Sides. "Thisi is Theor, II. of ah, 8 


Mechanick Dialogue. . "x 14 2943204 96% 
The following Problems as ta this Mat- 


ter may here not 1 be ſubjoin'd. | 


P 6 5. 1. 


a 10 find Parallelograms having à common 


Diagonal, in which the Sums or Differences 
of the Forces (by which the Sides are deſcrib'd) 
ſhall ſtill be equal to one another, or be ex- 


preſs d by a ſtanding Quantity. 


According to the Tenour of Cr. II. let the 


Quantity M-+N be the Tranſverſe Ax of any El- 
lipſe, and D be equal to the double Excentrici- 
xy, or to the Diſtance, of the Foci from one 
another. Alſo let M, N be Two Lines drawn 
; fr om the Foci to any one and the ſame Point | 
in the Curye, and m, M Lines drawn. from the 


Foci to any other Point in the Curve. I fay, 
that the Lines M, N, and en, a, are the Sides, 
and that D is the common Diagonal of Two 
ſuch Parallelograms as are required. For from 
the Nature of the Ellipſe, MN is m- En per- 
petually; and therefore ABZ ever alſo, 
by Cor. II. Q. E. J. | 
"i 


"CE, 


8 5 eee, the Eads dene am 


quired to be a ſtanding Quantity, and ſuch 
Parallelograms were to be determin d. Then let 
M—N = the Tranſverſe Ax of any Hyperbola, 
and Dr the Diſtance of the Foci. Then from 
the Nature of this Curve, M<-N ſhall n 


ee e 
f P R O 1. I. 


To find Parallglograms haying unequal Dia- 


gonals, in which the Sums or Differences of the 
Forces, with which the Sides are deſcribed, 
ſhall-ſtil] be equal, or 0 n by: a n 
Quantity, 4 * 


According to the Tenour of Cura in; 11 


MN be the common Tranſverſe Ax of an 
Two Ellipſes, in which D and 4 are the Di- 


ſtances of the Foci; D for one Ellipſe, and 4 
for the other. Then if M, N, and m, u ex- 
| preſs Lines drawn from the Foci to any Points 
in the TWO Curves (that is, M, N from the 
Foci of the one Ellipſe to any Point in that Curve, 
and m. from the Foci of the other Ellipſe to 


| ANY! Point: in that Curve) Lay, that theſe are 


mals of ſuch Paraſlelograms as are required. 
For ſince MN is mn perpetually (from the 

Nature of the Ellipſe) therefore alſo, according 
do the latent of that 3d Cor. A-\-Bſhall/be ever 


5 . OEl. 80 if NN were the com- 
mon Tranſverſe of Two Hyperbola's, in which 
the Diſtances of the Foci were D and d, then 

M, N, and m, u being — 

before; the Parallelograms will be ſuch as is 

| required: And MN being ever from 

1 the Genius of -the/Hyperbola/A--Bihall=a—b; 

that is, the Differences of the Forces ſhall be al- 

ways equal. II 4 © 44 
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4 | 10 find | Parllelogram * "IR EN 
or unequal Diagonals, in which the Sums or 
Differences of the Forces with which the Sides 
 aredeſcrib'd, ſhall ſtill-be in any Ratio n | 
Let a Ratio aſſign d ee q. 


= 


a 


= \} 


* \ 
n + %? 
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Let the Paraſſeldgriims be — to have e- 
uid Diagonals. Put the Tranſverſe Ax of any 
Ellipſe or Hyperbola=T, the Parameter: L, the 
Tranſverſe Ax of any other Ellipſe or Hyper- 
bola-t, and the Parameter =/. Tis manifeſt, 
that in order to the ſatisfying the Demands of 
the Problem, the Ellipſes or Hyperbola's muſt 
be ſo proportion'd to each ot her, that their 
Tranſverſe Axes may be in the Ratio aflign'd, 
and their Focal Diſtances equal. One Ellipſe 
or Hyperbola therefore being given, whaſe 


or 
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3 F f 7 , FIRE 
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* 


Lada 3 Parameter, T ue L, Ire known: 


I ſay, that another Ellipſe whoſe Tranſverſe 


Axt is 4 and its Amme 0 
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Hyperbola's hall have abe Conditions required, 
and the; Parallelograms (whoſe Diagonals are 


the. Diſtances. of the Foci, and-whoſe Sides are, 


the Lines drawn. from the Foci to any Points in 
the Curves). ſhall be ſuch. as will anſwer the 
Demands of the Problem. The Demonſtration 
of which is eaſie: For ſince the Square of the 
Diſtance of the Focus ſtom the Center, is in 
the Ellipſe = to the Difference, and in the Hy- 
perbola = E the Sum of the Squares of the 
Semitranſverſe and Semiconjugate; therefore in 


the TW .o Ellipſes or Hyperbola's, if the Di- 


ſtances of the Focus from the Center in one be 


and alſo tin the other, the Parameter J of that 
other may be found, and the Valve of it will 
be ſuch as is determined above. For becauſe 
els IS and cee Given 5 therefore 


the 
* ; 


put equal to that in auother, we have this 
Equation 1 LIS It for the Ellipſes, 
and LI for the Hyperbola's 
From whence I. and. T being given in the one, 
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na 2 4) 
"ol : n will be mans" an 
of the Given Quantities LA TNA. Laſtiy;, Be. 


SaQilauſe the Tranſrerſe Axes ale in the Given Ra 
—_— of p toq, by the Hypotheſis; andthe e 
3 Differences of the Lines from I 
1 Curves are equal to ee 
_ the Nature of theſe Ps and therefore 


ever in the ſame Ratio: of 5 0 and becauſe 
(by Cor. II.) the Sums or Differences of the 


Forces are ever proportional to the Sutns Gt 
Differences of the sides (Which are the Lines 


drawn from the Foci to the Curves:) There⸗ 
fore the Sums or Differerces' of the forces fall 
Hays boin the Giren keep ak, 7:4 Q E:. | 'D: | 
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Let the Jiagonals te HERR to ba unequal, 
If T be the Tranſverſe of one Ellipſe or Hyper- 


bola, then 1140 ſhall be that of the other. 7 And 


if the Diſtance of the Foci in one Ellipſe or 

Hyperbola be D, and that in the other be 4; 

, theſe being the Diagonals, and the Lines drawn 

from the Foci to the Curves being the Sides of 

dhe Parallelograms: If the Diagonals be de- 

ſerib'd by Forces proportional to their Lengths, 
the Porallelograms thus made ſhall be füch 48 

are required. The zd Corollary (with thoſe 

often mention d Properties oft the Conick Settont) | 
demonſtrate this without any further Trouble. 
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" The TY A,B, F. P. 70. 11). being 
gen, *tis aide to determine the Point Cin 
the Right Line HB (given in Poſition ) ſo that 
compleating the Rectangular Parallelograms 
ABCI, DCFR, the Time of deſcribing the O- 
blique Path Ac (which is the Sum of the Dia- 
gonals) may be the leaſt poſſible; or (we may 
propoſe it thus) that the Sum af the Forces 
with which the Diagonals AC and CE are de- 
ſcribed, may be the leaſt poſſible. 
Here I ſuppoſe, the Sides IC and CK to lie: in 
a Right Line: Alſo that the Body; by ſome 
Cauſe or other, does at the Point Ci receive 
another, and different Direction of its Motion, 
and a Change of its V olocity. lu a Word, that 
Whereas before it came to the Point C, it mov d 
10 * Diagonal AC, i it afterwards moves in the 
Le, 
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the former. Put AC=z. CF. BC=x. ABE d. 
FD=b. DB=c. Therefore DC=c—x:_ - | 
- Note, That the Points A and B are given; 
therefore AB is a given Quantity. So becauſe 
F and D are given, the Line FD is ever the 
ſame; and likewiſe DB is invariable. As for 
all the reſt (tis evident) they are flowing Quan- 
tities. Let n be the Time in which AC is de- 
ſcribed, and er the Velocity in the ſame, the 
Time in which CF is deſcribed, and s the Velo- 
city; which Velocities I ſuppoſe to be the 
fame in all the Points of the Lines AC and CF” 


fxeſpectively, and conſequently. the Quantities 


rand to be ſtanding ones. From the common 


Principles of Mechanicks, tis evident, that by 


m. u:: XN. xv. That js, the Times are in the 


| Ratio compounded of the direct Ratio. of the 


Spaces, and reciprocal Ratio of the Velocitics. 
Alſo, if m, n, expreſs d Forces, and N Re- 
ſiſtances, then the Forces wou'd be in the Ratio 
compounded of the direct Ratio of the Spaces, 
and the direct Ratio of the Reſiſtances. There 
fore if s denotes the Reſiſtance in AC or 2, 
and r that in CF or v; then one and the ſame | 


Expreſſion ſhall ſerve with Reſpect to 'both 


theſe Ways of propoſing the Problem. Theres 
fore (in one Suppoſition) the Time in which 
the whole Space Ac is deſcribed (or the um 
of en Forces in the other) will be as 2. 
But 


——— 'v one Ayer —j— iS © . 


| Sit from the- Reftvagular B we have 
N Ann andere Feat Ther There- 
fore the Expreſſion uw! to this ee 
c Terra 3 which Expt eſſion is to 


ny determin'd to a Afirininm: Therefore Work- 


ing by the admirable Method of he err We 
thall find n 50 

| 1 4 ee 90 
than * * 2 * — From wenden: 5: 


a4 
a. Therefore if the Points! A af 


de ſuppoſed to lie in the Circumfetence of a 
_ Girde of which C is the Center; that is, if 
'AC=CE;' then it will be x cr . And 
eonſcquently if the Line DB be divided in C, 
ſo that BC: DC as the Velocities in the Dia- 
gonals AC, CF directly, or as the Reſiſtances 
rociprocally; that is, if the Sines of the In- 
clinations of the Diagonals AC, CF to the per- 
pehdicular IC K, are in either of theſe Ration, 
then the inflex d Path ACE ſhall be deſcribed in 
the leaſt Time, of all that are in like manner 
comprehended between any Two Lines drawn 
From the Points A, F, to any Paint in the 
Line DB, or (with Reſpect to the other Way 
Sk Propoffag the Problem) the Sum of the 
Forces with which the To Diagonals AC, 
CE are deſcribed dealt be the I 9 1 7 8 
Q E. Wee f 
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PEN T 5 
To carry this on a little farther; Irs, this 
is, if (the Body meeting with nothing at G to 
retard its Motion) the Velocities in AC and CF. 
be the ſame; then x. C:: z. v. In Which 


| Caſe EC. will be coincident with LC, which 
makes one Right Line with AC. Alſo LH 
being perpendicular to BD produced, the Point 


D becomesnow coincident with H. The Tri- 
angles ABC, LCH therefore are ſimilar. For 
BC being=x (as before) CH is now oy and 
BHC. But . be, mig *. C—X :: . u. 
that is, BC. AC. CL, and the Angles 
'ACB and LOH are Sequils therefore, &c.. From 
[hence making HE = LH, the Triangle HEC 
will be equal and ſimilar to HLC, and alſo ſimi- 


lar to AcB. Now if the Body (moving in the 


Direction AC) inſtead of paſſing on in the Right 
Line CL. were reflected at the Point C, then 
ſince the Velocity continues ſtill the ſame (the 
Direction only being changed) in the ſame time 
that it would deſcribe CL, if it went on di- 
rectly, it will deſcribe a Right Line Sto CI. in 
its reflex d Motion. But from the Equality and 

Similarity of the Triangles HLC and HEC 


the Line CE is = CL, therefore it will deſcrihe 


FE. But the Angle HCE is = (HCL=) Ach; 


therefore the Body will be reflected ſo, that 
the Angles of Incidence and Reflection (Ad 


and EC) ſhall be equal 1:2 


; [ 5 A ; 
No B. I abſtract here fram a0 the Imperfecti- 
ons of Matter, and pelt the Body Merſey 
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If AC were ſuppoſed to be a 3 of Light, 
the Theorems found would be thoſe Two cele- 
brated ones in Dioptricks and Catoptricks, upon 
which thoſe Sciences are built. And DC; GB, 
which are the sines of the Indinations of the 
Diagonals FC, AC, to the perpendicular ICK; 
would be the Sine of the refracted Angle, and 
the Sine of the Angle of Incidence, if DCB 
were the. Surface of a different Medium. From 
whence thoſe sines would beas the Velocities 
in the Two Mediums, by what was found above, 
and as Mr. Newton has ſhown Prop. 95. Lib. 2. 
But this only i in Tranſs tu. The general Principle 
concerniug the Compoſition of Forces ſhall.now 
nie dto ee Problems in Mechanieks: ve 
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12 = the Proportion H A Stroke made wit 


any oblique Direction upon a Plane, to one 


made with a"perpenditular Direction, the 


Bady moving in both eee with: che 
fee Dee ln, 


00:1 


Quppoſe the Body's Piredion (FI. 0. 1 T to 
be in the Right Line AD, and that it ſtruck 


| upon the Plane, DF . at the Point D. Let fall 


AF perpendicular to FD, and compleat the Pa- 
rallelogram FDAG. - The Motion of the Body 
in the Line DA 18 equivalent to Two other Mo- 


; tions, whoſe Directions are AF and AG, by 


5 2 


Theor. 1 Hoe, the Motion whoſe Direction! 15 | 


Als bf no Si iIgnificancy | as to the Stroke upon 
the Planie TY for GA being parallel to DF, 


the Body moving with that Direction would | 


never meet che Plane. Therefore the Force 


by wich the Body moves in AD, being as AD; 


that by which it ſtrikes upon the Plane, is as AE. 


But if it moved in a perpendicular Direction, and 
with a Force proportional to DA, the Quantity 


_ Stroke would be expounded by that Line 
Therefore the Magnitude of the oblique 


— e is to the Magnitude of the perpendicular 


one, as FA: DA, that is (making DA Radius) 


a5 Radiusto the Sine of the Angle EAD. 
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The Angles of Obliquity upon the Planes 


being equal, the oblique Strokes are dire&ly 
proportional to the perpendicular ones, how 
unequal ſoever the Velocities (with which the 
perpendicular Strokes are made) be. Thus in 
the Rigbtangled Triangle Ach (FTG. Wi) the 
perpendieular CD being let fall; fince ABE= 
ACD, therefore the oblique Stroke witly the 
Direction AB upon the Plane BC, is to the 
perpendicular Stroke made with the: ſame Ve- 
locity, as the oblique Stroke with the Directinn 
AC upon the Plane CD, to the perpendicular 
Stroke made with the ſame Velocity with this 
oblique one For (by the Pra) the oblique Strokes 

are to their reſpective perpendicular ones, as 
CA: Ag, and as AD: CA; but (from the Ele- 
ments) AD: CA:: CM AB, therefore the o- 
blique and perpendicular Strokes are direaly 
proportional. 
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"The oblique. Stroke ads upon the sides of 
any. Rectangle, with equal Velocities, and with 


the Direction of the Diagonal, do anſwer reci- 


procally to the Forces that deſcribe thoſe Sides, 
and by the Compoſition of which the Diagonal 
is deſcrib'd. For (FIG. 1.) the Quantity of 
the perpendicular Stroke upon the Sides AF, 
AG, being expounded by the Diagonal DA, 
the oblique ones made upon the ſame Sides with 
the ſame Velocity, and the Direction LA, ſhall 
be as D and DG. The Force by which the Dia- 
gonal is deſcribed being expounded by DA, the 
Forces in the Sides AF, AG ſnall be as DG and 
FD. So that the Magnitudes of the Strokes, 


and the Forces do anſwer Wie me 
another. . 
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aj 1 Body moving with equal Velocities in the 
Lines of Direction of equal Length, but un- 
equally. enclin'd to Two Planes; the Magni- 
tudes of the oblique Strokes ſhall be directly as 
the perpendicular Altitudes of the I ines of Di- 
rection. Thus (FIG. IV.). if; KC KI, the 
Strokes with theſe Directions upon the Planes 

Ob, LE, Mall be as KD and RE, For. the 
oblique Stroke upon CD, is. to the perpendi- 
cular one, as KD; RC; and the oblique Stroke 
upon LE;is to the perpendicular one, as RE: KL. 
But the perpendicular Strokes (being made with 
the ſame Velocity) are equal, and KC=KL by 
the Hypotheſis ; therefore the Magnitudes of 
the oblique Strokes, upon thoſe Planes, are as 
KD and RE directly, which are the Altitudes 
of yr Lines of Direction. 5 
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A Body moving with t the ſame Velocity in 
one and the ſame Line of Direction, which is 


unequally enclin'd to Two Planes (meeting at 
the ſame Point) the oblique Strokes made 


upon theſe Two Planes ſhall be directly as the 


perpendicular Altitudes of the Line of Di- 
Teton. The Line of Direction being KG, 
(FIG. IV.) let the Line GH be drawn, ma- 
King the Angle AGH, with the Line AG ; alſo 
let KA, KH be perpendicular to the Les 
A, HG. The Magnitudes of the oblique 
Strokes made with the Direction KG, upon 


the Planes AG and HG, ſhall be as KA, KH 
directiy; "which is eaſily deduced from v what 


has been fad, 


* A 

4 — * W — 1 . 

\ : ? 4 $3 S& wi *- F# * 

p p figs | : ; NI 
8 19 „ 1 7 P N . 

3 . 11 - 4 F 1 by *, . * 1 

» # . * - 0 — « 


* 
Hic Cos. 
: 4 N 4 * 


3 


Gon. V. | . 


A Body moving with the ſame Velocity in 
Lines of Direction of unequal Length, and In- 


clinations to a Plane, but equally high; the 


Magnitudes of the oblique Strokes are recipro- 
cally, as the Lengths of the Lines of Direction. 
The Lines of Direction being KG, KI (F1G.1V.) 


let HG be drawn, fo that the Angle AGH may 


be=IKG, and let fall the Perpendiculars KA, 
KH as before. *Tis evident, that the Angle 
KGH is = the Angle KIA. Therefore (by 
Cor. 1.) ſince the Angles KGH and KIA are e- 
qual, the oblique Strokes made with the Di- 
rections KG and KI, upon the Planes G and 
Al, ſhall be directly proportional to their re- 


ſpective perpendicular Strokes. Conſequently, 


if the Body moves with the ſame Velocity, and 

ſo the perpendicular Strokes be equal, the 

oblique ones upon the Planes: HG and Al, with 
the 
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the Directions KG, KI, ſhall be equal. But 


by the laſt Cor.) the oblique Strokes made in 
the Direction KG, upon the Planes GH and 
GA, are directly as HK: AK, that is (from the 


_ Similarity of the Triangles 'HKG, AKI) as 


KG: KI. Therefore the oblique Strokes made 
with the Directions Kl and KG upon the ſame 
Plane AG, are alſo as KG: KI; that is recipro- 
cally as the Lengths of the mm of Di rection. 


c "of VI. 


99 


Therefore univerſally (oining the Accounts 


of Cor. III. and V. together) any oblique Strokes 
made by Lines of Direction neither of equal 
Lengths, nor equal Altitudes, are in the Nu 
compounded of the direct Ratio of the perpen- 
dicular Altitudes, and the reciprocal Ratio of 
the Fg. of the Lines of Direction; Ex. gr. 


the 


[4] 

the oblique Stroke upon the Plane CD, with 
the: Direction RC, is to that upon the Plane Al 
with the Direction KI; as BRIRK: AKK C. 
And from hence I infer/ that (uni verſally ſpeak- 
ing) the Magnitude afany Twooblique Strokes 
made with the ſame Velocities, are in Propor- 
tion directly as the)Declivities of the Lines of 
Direction. For the Declivities of any TWO 
Lines are uni verſally as the Altitudes direct ly, 
and the Lengths reciprocally. By op. 14. Chap. a. 
of Dre Vallis s: Mirhanie lu. e 
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1 a Circle were carrigd thro the Foints A, 
C, B, (+16. Iv. the oblique Strokes made 
upon the Planes CD, NM, with the Directions | 
of the Chords AG;-AN;-wou'd- Ay as 
the __— of the ref] pus perpendicular 

WE 


. U 28 4 5 
18 Strokes öpon the ſame Planes. For, with re- 
; ſpect to the Plane CD, the Magnitude of the 
oOblique Stroke, is to the Magnitude of the 
3 Perpendicular, as AD: AC. Likewiſe with re- 
| | Strokes is as AM.: AN. But from the Nature 
Y of the Circle; AD: AM/:»zAG: ANN. Tberer: 
5% fore, Gr. With reſpect to the Planes CD; and 
. BC ; the :oblique' Strokes made upon them, 
. with the Directions AC, Ah reſpectively, 
1 wou'd be directly proportional to their correſ. 


| i | | pPondent perpendicular Ones. For the Triangles 
"I ACD, ABC are ſimilar, and the Angles ACD, 
ABC (which the Lines of Direction make with 


itt 3 the Planes) are equal: Therefore this Propor- 
18 tion of the Strokes holds all over the Circle. 
14 With reſpect to the Planes AN and BC, the 


oblique Strokes made with the Directions AO, 
and BO, are alſo directly proportional to their 


correſpötlent perpendicular Ones. For the va 
ſame Reaſon as the laſt. 


c 9, Ws, VII | A $5 


if a Body ſein. out from the Point A 
(FIG. v.) moved in the Directions AF and 
AD, with an equal Degree of Velocity ; the 
Proportion of the oblique and perpendicular 
Strokes wou'd be as before; viz. as AF: AD. 


Let fall the perpendicular FC from the Point 
F to the Line AD. If the Body moving with a 


Velocity, as ADY And in & perpendicular Di- 


rection, ſtruct the Flane at the. Point, D, the 
Magitude « the direct Stroke at that Point, 
wou'd be expounded by AD,, and;that.of the 
oblique Stroke in the Direction AD, wou'd be 
expounded by AF. Likewiſe, if the Body mo- 
ving with a Velocity, as AF, and in a perpen- 
icular Direction, ſtruck the Plane at D, the 
itude of the direct Stroke at that Point 
would be expounded. by AF, and that of the 
oblique one in the Direction AD, would be ex- 
pounded by AC(by,Cor, 10 for AD: AF REAC. 
But the Magnitude of the direct Stroke is the 
ſame, whether, it be given at the Point D with 
a Velocity as Afa or at the Point E with a Ve- 
locity as AF. Therefore WG ee mw 
| Se remains the ſame. 283 To bin 
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The oblique Stroke (F. V.) made! in the 
Direction A, is equal to a direct Stroke (made 
with a Velocity as much leſs than that which 
the Body moves in AD; as AF! is leſs than AD.) 

For the oblique Stroke is to the direct one 
made with the fame Velocity as AF: AD. Now 
any Two direct Strokes made by the ſame Body 
are one to another, as the Velocities With 
which the ſtriking Body moves Therefore if 
theſe Velocities be as the Lines AF and AB, 
then the Magnitude of the oblique Stroke with 
a Velocity as AD, is equal the Magnitnde's of 
the direct Stroke with a Velocity: as AF: Ot, 
which is all one, the Magnitude of the eRihic 
Stroke with a Velocity as AF, is equal che 


Magnitude of the direct Stroke with à 
as AC. 
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15 4 Body, deſcending by the Force of its Gra- 
vity, ſtriłes upon a Plane; lt the Line of 
Direction be either oblique fA perpendiculay 
to that Plane; the Magnitude of the Stroke 
1 the ſame, as if the Bod had moved all 
along in that ſame Direction, with 4 De- 


11gree, of Velacity, equal t that mhichi is 
Lotte, by. the accelerated Motion, . 4 \the 
Point where the Land f Ran meets 
a an hw rl 
0 R tlie ne Wbürne the Line of Di- 
rection; being each the ſame, nothing but 
a different Velocity in ſtriking upon the Plane 
can make any Alteration in the Magnitude of 
the Stroke. But whether the Body moves With 
an equable or with an accelerated Motion, the 
Velocity with which it ſtrikes upon the Plane 
is the ſame,/ if the velocity of the uniform Mo- 
tion be equal to that gotten by the accelerated, 
at the Point where the Line of Direction meets 
the Plane... Therefore, Ge. Q: E: D. | 


{ - x 
C La F 


— — * 
1 * rr 9 * ö 
k * — > £ . WE TSS. 2 
———— wc RS a — Ee . 
7 * * "Sg 
- * 
% 


* 


E ˙ beg woes” — — 
war 


a 14 
114 
. 
| 43 
41 
inn 
| $3001 
| } © 
$1208 
ie 
| n 
: 14 
„ 
4 Wi? ;& 
. FO. 1 
9 a 
1 


of * 
W — —— — — - 2 : 4 
— - ͤ—ͤ eee — -— At wt <-> oe 4p — 
* * 


- a a. win a * 7 1 
—— WW 2 2 rr . Ce 
* pay 
* 


N . " . * * ol N * * 
AF | * beer . hy . f 
Ah K acer 7 AY: \ RN E&\ 
a * of 
Bo ; MA 4 . «4». N 9 2 \ 1% 


1. Boh- moves in the „ Dan 1D, AF, 
from the Point A, by the Force of its Gre. 
vi, (FIG. V.) the Magnitude of the 
Stroke made with the oblique Direction 
AD, ſhall be to that made with the Di. 

rection AF, eee fo FO ik. 
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OR. (by the 33 Fon the Strokes | 
2 with the oblique and perpendicu- 


Jar Directions, are the ſame as if the Body 


had moved uniformly all along, with a Degree 


of Velocity equal to that gotten by the acce- 
| lerated Motions, at the Points where the Lines 


of Direction meet the Plane. | But the Velo- 
cities gotten (by the Deſcent at the Points 
F and D, where the Lines of Direction meet 
the Plane, are equal (by what is ſhewn in Gali- 


leuss zd Mechanick Dialogue. Therefore the 


Strokes are the ſame, as if they were made in 
thoſe 
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_ thoſe Directions, with equal Veolcities in uni- 


form Motions. And therefore (by what has 
been already ſhewn) the Stroke by An is to 
that by AF, as AF: * 9 N 
; Y 
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Therefore where the Body deſcending io the 
perpendicular Direction AF, acquires a De- 
gree of Velocity, as much leſs than that which 
it acquires by the Deſcent thro' the whole 
Line AF, (or which is all one, by the Deſcent 
thro AD) as AF is leſs than AD; I ſay, where 
it acquires ſuch a Degree of Velochy; there the 
direct Stroke Made upon à Plane drawn thro 


that Point, parallel to FD, ſhall be equal to the 


oblique Stroke made in the Direction AD upon 
the Plane'F; the Body. in both Caſes moving 
freely by che Force of its Gravity 2 was ſup- 
| poſed in the Theorem. This! is de aſtrated 1 in 
all Reſpeas like the '9th Carol, of the toregoing 
Problem. id NG 
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From hens we may cal ily ſolve. the fol- 
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pendidular Direction AF; ſo thut the Mag- 
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Ales moving by the Foree 45 its Groot 
aten Direttios AD. GIG. V t re- 
muired to determine the Point K in the per. 


Da meg the direct Stroke made upon the 
Plane KH, by the Deſcent thro the Line 
©, AK, ſhall equal the Magnitude of the oblique 
Stroke upon 25 Plane FD, by the Deſcent 
_ AD. 


Ake AE=AC, and cut the Line AF 00 in 
the Point H, that AF, AE, AH, may be 
continual Proportionals. The Point H ſhall be 
that required. | 
Let » = the Velocity acquired by the De- 
ſcent *thro' AH, and V= that acquired by the 
Deſcent thro' the oblique Line AD; and W= 
that 


"FN 2 
a Acgtited by the F 
Opölkrucklon AF: A AB, eG 
AP AEN IE AF: AH, and Af, AE :; AB: 
n, har is (fince AE = AC) AF: 55 | 
V M8: AH. Nom, (by, what Galitew Co 
Ae e Ther 2, Dial. 30 W. gf 1 
Ag, that is, wee are in the Oh 
duplicate Ratio of, the Spaces un by Bquality 
of P rtion,: therefare,W ; 2571 AF; AC.. But 
the\ Velocities gotten by the Deſceuts, thro? the 


Lines Af and AD are equal, by. a Propolition 
of 'Galilews quoted already) that is WV; 


therefore V -v :: AF; AC; hnt AD: AF: Ar- 
AC, dere V4 ü AD: AF. That! is, the 


Velocity gotten by the Deſcent thro AD, iss 
much greater than the Velocity; gotten by the 


Deſe t thro AH, as AN 1s. bigger, than Af. : 85 | 
4 Theref re (by. the forgoing care theMag- 
= nitude o of the direct Stroke made With the Ve- _ 


9 0 tea by the Deſcent thro? AH pen the 
Plane CH, ſhall be equal to the Magnitude of 
the oblicoe Stroke made with the Velocity got- 


ten by the Deſcent theo}, AD upon the Plane 
FD. Q E: D. 


7A Gdihg: back by theſe fume Steps, ont 
tha datermine the Point H. That tie 

N maybe ſauch as is requirtd. © 22014 — 
it muſt be WV ADTAF By 
19 12111 or VW. zt AF AC e 


b o 2 
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But it is W.! vi AF: AH ee en 
EC 9010190. 047 5 is YA: 2 29 
Wall! . 64 8 10 14 TR Is 
WOO AVE Domfrown 
_. —_ 

1 . is a6 V 4: 4 AF: VAN 

j Therefore it muſt be Yar: V AB: AF; "AC 
MA © Thatis it muſt be AF: AH:: Ard: AC 
0 or (if AESAC) it muſt be AF; A:: AFA AE 
| | wed IN R. herefore putting AE=AC, the Line AF muſt 
Wh. be divided fo, that AF, AF and AH BA 
{li tinital Proportionats.” Q. . co 
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E the Body deſcend in the Diredion AF 
GIG, V perpendicular to the Horizen- 
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made; that 4s, as the Velocities gotten by ls, | 
[ee But the Velocities (from the, Nature 


of uniformly accelerated Motion) are propor- 
tional to fhe Times. Thereſpre, 05 N E: D. 


CASE II. 


Let the 1 Gecod! in the oblique Diredi. 
on AD. The Strokes made upon the Planes 
HC, FD, after the Deſcents thro AC, AD, are 
to the former dire& Strokes upon the ſame 
planes as AH, AF, to AC, AD, by the foregoing 
Theorem. Therefore the oblique Strokes are 


directly proportional to the n ones, ſince 
(from the ſimilar Triangles) AH: AF:: AC: 


AD. Therefore they are alſo as the Timesof 
the perpendicular Delcents, by the former Caſe. 
But (by. Theor, III. of 2 en 8 3 Mechanic l 


Dial.) the Times of Deſcent hy AC, Ao, 
are to the Times of Deſcent thro AH, AF; 

as the Lines AC, AD, to the Lines Akt Ar. 
Therefore the obſique Strokes vpon the Planes 


HC, FD, are alſo directiy proportional tb the 
Times of the Deſcent of the BY 2 ; 


reclions AC, AD, ZE 


3 1 7 1599157 
wor 29 15 <4 1 7011 2113 2 
| . 
* Fit s 8 (010 4 317 01 4816 ib 90 12 CIS 


 The-Strakes Ather oblique or direct, made | 


0 Planes HC, FD, are as V All, and 
* AE, or as * AC, and * AD; or, which 
D 3 is 


WO 
4A 
"JF 
F 
4 


—-—y— — 


—[— —— — gen — 


lg — = = 
P — — l 
y - , — — — — — - . P 949 VID AEST Sn 4a ov ere os u 
5 F * S * C * - 4 : . © ? Oo * FED d \ a ths 
* . s - * K 3 FX j 
G 4 : * 5 Y £ ] l 


17 "IV; 
_— one, they are a as the Ordinates (of a Pars 
nl ; (? U 
1 "bolayVeloiiging' tothe er AH APE! 
| a ſpecklveſ ß. als 2M Jad "2109315 
450K 918 C 571812100 anch ind 10 


: lis 8 | (} 2 4 x7 WV 4210 5 COL 1 9 2447 91 180012 


— 


Op nt ono ee ˙. 1»-„1!4 —— 


— — ln ger 
: 
—— — .L 


— . — 227 — — 2 
- 


— —— — 
— 
-O 


- 


{ 330 * 


1 119110 J api! 


— 
Tr. —— 


— — —ñů ͤ• 12 —— 2 — — 


89 „ 
— ating? vt, — 
— — = 
= * ＋ 


vÞofl ol} 19 I 
148 A 
Ui! „Mt 9017 BOY RE 551. Jormrot offs oz 
þ agent Stt3 A) CA SE 07 HE HA 26 eon 


2 ——— Ä —— 


— 


i ; 2840148 2961140 2017 21009" 28-4 ms 108 f 
j £ 


it Fi ao?) 


| 4 15 Seu * Abe Saba of it Gravity 
1 in Lines of Direttion of equal L. b, but 
| 
| 


3 
Þ i 114 ö Nini | $ a 
1 „ "T1 0 K. oe 


| 1 unequal) enclin d to Two Planes; the Mag- 

. - © _ of the obliqu Ke Strokes ſhalt be to one 1 

another direfth, 4 1 ſquare Roots of the Bi 

Cubes, of the e Alvirude; of i. 
1 Lines Directiumw . 


Lee VI) KC-KL, aud a Body 
deſcending in thoſe Directions, ſtiike 
upon the Horizontal Planes CD, LE. Draw 
KDE perpendicular to the —— and con- 
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in a Line of Direction, which i unequally 
enclin d to Two Planes (meeting the ſame 

Point ) the Magnitudes of the oblique Strokes - 
given upon theſe Planes, ſbal be diretly. 


as the perpendicular Altitades of the Line 
' of Direction. 


ET (FIG. VII.) the Body deſcend in the 
Direction KG, and ſo ſtrike upon the 
anes GA, GH, making the Angle AGH. Let 
A be perpendicular to the Horizontal Line 
GA; and KH be perpendicular to the enclin d 
Ling GH. The Strokes made by. any accele- 
rated Motions are the ſame as if they were 
made by equable Motions i in the ſame Directi- 
ons, and with Velocities equal to thoſe got- 
ten 


„ 

ten by the accelerated Motions, at the Points 
where the Lines of Direction * the Planes" 

(by the foregoing. Lemma. 1 5 


But ſince the Planes AG, HG, meet. the Lite: 
of Direction KG in the ſame Point G; the Body 
| falls upon both Planes with the ſame Degree of 
Velocity, viz. that which is acquired by the 
Deſcent through KG. Therefore the Strokes 
made on the Planes AG, HG, after the Deſcent, 
are the ſame as if they were made in the ſame 
Direction, and upon the fame Planes, with 
one and the ſame Degree of Velocity, in equa- 
dle Motions\» But if they ere Wade with the 
ſame Velocities\ in equable Motions, the Stroke 
upon fy would he to that upon ene 
ECT ORE 
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oY ial the Strokes 3 — in the ſame Pro- f 
portion now; that is, direRtly as the Alti- 
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4 Bach N by: the Fang of ity Grad 
» wityin Lines of Direition of unequal, Length 
aui Inclinations to 4 Plane, but equally 
 bigh; the Magnitudes of the oblique Strokes 
4 be en as * Lau 1. the 


Lines of Diretkion. i 1 


ET the Body bo vg ace in the 
Directions KG, KI, and let the Angle 
AGH IKG; then ſhall the Angle KGH=KIA. 
Now becauſe the Velocity gotten by Deſcent 
thro* KI, is equal the Velocity gotten by De- 
ſcent thro' KG, (by a foremention'd Theor. of 
Galilews's) and becauſe the Angle KIA is = 
KGH; therefore the Stroke with the Directi- 
on KI upon GA, is equal the Stroke with the 
Direction KG upon GH: For the Lines of Di- 
rection 


7 5 9. . N 4 | : T 
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* 81 e 
| ion make the fame, Angles Heh the Planes, 925 
: 14 A the Body falls upon tbem with the fame Der 
i Ge © 905 Velocity. But by Theor. IV.) the Stroke 


with the. Direftion KG upon Gs to: the | A 
Stroke with the dame Direction KG upon GH, 


as KA to KH; that i (becauſe of the imilar 
Triangles HKG, AKI) as KI to KG. There- 
fore alſo the Stroke with. the, Direction R up- 
on GA, is to that with the Direction Kl upon 
GA, 25 K to KG; ; that 1 is Teciprocally as the 
Lengths of th the Lines of Digging. Q ED 
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N BY? in likes Mano may Als Una 
Thebes for the Quantities of Strokes, pen 


the Motions are performd according to any 
other Law of Acceleration; as when the Velo- 


cities are in the Duplicate, Triplleste or or an 
other Multiplicate or Sub- multiplieatè Faio of 
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The Proportions lie to the Bunge bels of 
Percuſſion, already prov” d'in the Corollavits of 
Prob. I. May be aptly eaoughcomputed by a'ge 
neral Calcalu, after this Manner. . 
expreſs any direct or dicular W V. 


v. the Velocities with which they are made 


reſpectively. O. e, the correſpondent oblique 

Strokes, made with the ſame Velocities as the 
perpendicular ones. H. V the Hypothenuſa' or 
longer Sides that expound, the direct Strokes. 
P. þ. the ſhorter Sides or Perpendiculars (from 
the Lines of the oblic de Directions to the 
Planes upon which the Strokes are made) which 
expound the oblique Strokes. M. n. the Mag- 
nitudes or Bulks of the ſtriking Bodies, Which 
we ſuppoſe to be Homogeneal. And let it be 
obſerv'd (which 1 mention here once for all) 
that all the Quantities, expreſsd by the great 
Letters do belong to one another, and ſo like 
wiſe thoſe expreſs d by the little ones. Thus 
d expreſſes the direct Stroke made by the Bor 
whoſe Magnitude is m, its Velocity v, the 
ablique Stroke made by the ſame o, the an 
that 
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t expounds that direct Stroke h, that which 
BUT the oblique p.;; And fo bf che öthets. 
It's obvious, that if Mm, then Dutt: 
V: v5 and if Vr, then D: 4 Means fo 
that univerſally D: d:: MyV:: m .the Mag- 
nitudes of any Two direct Strokes ate in the 
"Ratio compounded of the direct Ratio! 4 of the 


Magnitudes, and "the Helocities of t the moving 
Bodies. Therefore if D=4, then May mp, 


Py 14 


"and M: M3325 V5 if the, Magnjtu Jes. of th he 
Bodies be reciprocally. as. the Velocities, the <- ; 
rect Strokes ſhall be equal. Again, :.O0:: 
"HE, and 4: h (by. the gener eral Theor 
found at Prob, 1.3 but uaiverfally D: d:: Mv: 
* 2 MxV. : O:: H: P, and mx : 
„ and conſequently. O,, MxVxP : 


95 | — 31019121? 


ak univerſally 7 TW 1 is | rhe" Maſyirudes 


A L „KNM O Mine 
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pounded of the direct / Rurio of the perpendixu- 
lar Strokes, the direct Ratio of the Aaltitudes, 
And the reciprocal Ratio of the Lengths of the 
Lines of Direction. Therefore if MeV, 
"Hat is, if Dad, then e F peng; 
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that is, the oblique Strokes are in the Ratis com- 


pounded of the direct Ratio of the Altitude, 


and the Reciprocal of the Lengths of the Lines 
va Direction; as was demonſtrated at Cor. VI. 
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which was prov'd at' Cor: If Pa FF 


ik pe 8: b, that i, if the R Redtans way 19 
Triangles be fimilar ( fo the An Angles of 
Lines & Direction u upon the Planes. be e cw 
then O; MV: n: 2 5 P. 4 8 2 de- 
| r= at Cor. I. and Senpidel böte 
particular 'Taftances at Cor. VII. att | 
find an oblique stroke e al to a direct = | 
made With 4 leſs Degree of Velocity, that is 
the ob ique$troke O equal to the REP Stroke 
- Gay to deer, f that 5 D. 1 
2 1 4 Hemd C3! 
a O: d:: NM: H univerſally. 
"Therefore if it be the ſame Body, that as;uif 
Mm, then O: 4:: ENV: H; conſequently, 
if OA, then PV Hu, or P: Hz. 
That is an oblique Stroke is S to a direct ue, 
made with a Velocity as much leſs than chat 
with which the Body moves in the oblique Ni- 
rection; as the Perpendicular P isleſs than the 
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10 e on to Dk made by Me- 
tions uniformly acclerated: Let us reaſſure the 
univerſal Analogy before laid down, vix. Dv: 
Mx V: mxv, Where it needs only\be noted, chat 
the Quantities V. v. which befbre expreſs d the 
uni form v elocities in equable Motions, do now 


expreſs the Velocities Zotten by the Deſceuts 


(in accelerated Motions) at the Points Where 


the Lines of Direction meet the Platte.” By 
Theor./ I. theſe Analogies hold good in the Cafe 
of accelerated Motions tao pm#z1D!: Or, : Ht 
P, and 4 :/0.::þ.:p, And therefore (as as hE＋VI“n 

in the Caſe of. equable Motions in the foregoing 
Cale) MxY ; O:: H: P, andnxv: ars h . 
But (from the Ao Lawaf Gravity) tis V: 


vp: pb (che Velocities are ii the Sübdupll- 
cate Ratio of the Lines of Defcents) therefore 
MPH: OHB e {09M oe 'Thete- 

MWept mp ii HEB 
fors 0: 0:: HN aeg, Thayia 
the Magnitudes of any Tws oblique Strokes ate 
in the Ratio compounded; of the direct Ranis bf 
the Bodies, the direct Ratio of the ? Powers of 


the Altitudes; and the reciprocal Rio of the 


Lengths of the Lines of Direction · Therefore 
= 5111 {tt r. NP 2 1 WO! 


if M= =, t ven Qt a5: i which ws, 
ne N ter 1 rn A by Pap; ; then 0%! 


} | 24:09 25 


— * 
— * 7 * 1 
. "$ 2X » 7 4 -» 0 
+ T "© Ty 2 J js? 1 1 " 4 2 
. i I. (111019 $605 %s 
.#:&# 46s * w . 5 - 
% - 


*%g 


35 
4 _— 


| - 5 — a - 
4 . * _ 
— 1 
5 ** 
6 d 
+ * 
: - - 
+ * 0 1 L 
1 — = 
- 
| 1 


was fem Satian6d it w v. Tf 


U hr 1 23.1 : Dg1% P93 3 Vimrotian enen 
Hb then; b b, 48 Was ſhewnay. 
Theur“ III. N that is, if PH 


| (13 1+ 21 17 1 Mit WAYS * 2513116 25 Gn 


(chat is if the Rectangular Triangles he ſimilr, 

1 and conſequently, the, Angles of the; Lines of 

; Direction upon the Plane | be. equal): then it will 

O:0::Þ3. :p3,0r.0: 0-33 Bt bs which was 2 

the Coroll, of Thear, II. Alſo. becauſe. V 105; 

P3: pi, therefore O Vie but (putting 

Tithe Timesof Deſcent) tis V: v:: T from 

the Nature of uniformly acclerated Motion) 

therefore O:: Tit, which was Caſe II. of 

Theor, II. and the firſt Caſe will be 45 ealily 

deduced-in- like manner. Laſtlyz) To find an 

oblique Stroke equal to a direct one made with 

aleſs Degree of Velocity, I proceed altogether 

as in the Calculus for the like Caſe, in the 

Hypotheſis of uniform Motions, and ſo come in 

general Terms to this Concluſion (there inve- 

ſtigated) that Ora, when PxV=Hxv; that is, 

ate H:: v: V. Aud this isthe Corollary"to 

Aubaly I may by the very ſame Steps advance 

towards the Concluſion, in the Caſe of accle- 

rated Motions, that Idid in the Cafe of equable 

Motions, Idare preſume is evident to any one, 

that conſiders but the foregoing Lemma, and 
15 | (the Theorem that immediately ſucceeds ĩt. 
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But now to . more vob and di- 
recti to determine whereabouts a heavy Body 
in its perpendicular Deſcent hall acquire ſuch a 
Degree of Velocity, as to make a direct Stroke 
ay to an obliqne ay that 15, where, O ſhall 
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2 conſtquen ko 
Therefore, © 2 * D = 


O: 421 pl DB. 4 when Ozd. then 
Pi- Hxpt, and ſo PH: y: PI Therefore I 
(FIG. v.) we put AF=P, and meh 
(SA the Length in the Perpendicular that is 
ſought) muſt be ſuch, that AF: AD: AH. 
AF. But AF: AD*: AC: AF, therefore AB” 
W or.p muſt be ſuch, that AC : AF :: V AH. 

Af. That is (puttiug AE=AC) we muſt have 
AE: AF1:: AH: AF, or AE4=AFxAH, and 

ſo the Lines AF: AE. AH muſt he continued 
proportionals; which was the Coriſtru&ion be- 

fore propos d. And the Amount of it is no 
more than to let fall the Perpendicular CHI 

from the Point C, which determines the Point 


H that was ſought ; ſince'tis certain (from the = 
ſimilar. Triangles) that AF: AG: AG: 0 IT 


* E: I. 
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Hat aving at Theor. II. made ſome Gti 

| | between the Times of a heavy Body's Deſcent, 
| Auch the Magnitudes of the Strokes made upon 
4 Plane after thoſe Deſceuts; it may not be a. 

miss to purſue that Matter a little, further; Al. 

the Symbols ſtanding us in the foregoing, Scho. 
lum; let T, in expre ſs Timesof Deſcent, it 
the oblique Lines H. . 
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80 that the Magnitudes of the &lique Strokes i 


are univerſally in the Ratio compounded, of the 


Reciprocal, and the Triplicate Reciprocal Rar is 
of the Times of Deſcent; that is, Reciprocally | 
as the Biquadrates of f them. this Rule may 
be laid down as an univerſal one to expreſa the 
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Is 40 wels : 7 a 5 troke made upon t the 
Carve at any Point as E (FIG. VIII.) 
with the Directiam of the Ordinate to that 
Win} EE; i to 4 direct Stroke made at 


be ſame Paint, and with the ſame V elaci- 
. * 11. (which, I every e e 16 the Or 
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Etting fall FH perpendicular from F to the 

4.4 Tangent NE; tis plain by what has been 
ſhewn, that the oblique Stroke upon the Plain 
ME, with the Direction FE, is to the direct 
one as FH: FE. But the Stroke upon the Tan- 
gent, and the Curve is all one at the Point of 
Contact E; the oblique and direct Strokes 
therefore upon the Curve are as FH and FE. 
But the Triangles FHE, AFE are ſimilar ; and 


FH: FE :: FE: EA. Therefore, &c. Q E:D. 


Coke 
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QUL * 
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The a Stroke upon the uwe at 4 
with the Direction FE, is to the direct Stroke 
at the ſame Point; as the oblique Stroke upon 
the Plain at A, with the Direction EA, is to 
the direct Stroke at the ſame Point A. For both 
Proportions are that of FE : AE. 
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The oblique Strokes made with the ſame Ve. 
locity upon the ſeveral Points of the Curve, 
and with the Directions of the Ordinates; are 
one to another directly as thoſe Be or 
as the Sines of the coreſpondent Arches. Thus 
us oblique Stroke at E, is to that at C. a8 the ; 
Sie of the Arch LE, to ue be of the 
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of IG with the Direltiqns of, the Dip 

meters of that Parabola ; are eder in ibe 
4 e Ratio of the direct Strokes. 


Et GE be any Diameter of the Parabola 
BSH (FIC. IX.) whoſe Axe is BL, Ver- 
tex B, Focus D. Conceive a Stroke made in 

the Direction EG, upon the Curve at G, or 

which is all one, upon the Tangent GA at that 
Boint. Draw DC perpendicular from the Fo- 
cus to the Tangent; likewiſe EF perpendicu- 
lar to the ſame from the Point E. 
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By what has been hitherto e the Mag- 
nitude of the oblique strokè at & is to the Mag - 
nitude of the direct one, as EEE But from 
the Nature of the Patabola, the Angle FGEis, 
always CD, and thoſe at F and D are right 
ones by the Gonſtruction; therefore the Tri- 


angles FG and CGD are always ſimilar. 
Therefore ſince FEE: GE : : CD: DG, the Mag. 


nitude of the oblique Stroke, is to that of the 
direct always as CD: DG. *Bat from the Na» 
ture of the Parabola-DG is eyer as C, that 
is the Diſtance of any point in the Curve — 

the Focus, . is ever as the Square of the Perpen- 
dicular from the Focus to the e Tangent at that 
ne Potht (WHIRh Property our Celthr ated Au- 


6} demohſkrates at Len. 154. SH, 3. Lil. 1. 


and wWhieh we ſnall after wards give the Inveſti- 


gation of) Therefore the oblique Strokes are 
euer in the — Ratio of the dec 
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with refþe& to the oblique Strokes made 4 | 


the Directions of Lines, dravn ont of the 
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the Focus to a Tangent at any. Point is ſtill in 
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If the direct Strokes be made with the ſame- 
Velocity and ſo be equal, the oblique ones ſhall 
be equal all over the Parabola. For they are 
ſtill in the 1 Ratio of the direct ones; and to 
be ever in 126 certain ne Equals, *. be 
_ NN 2 


7 the Ces FIG. IX. were e the 
other Conick Sections, one of whoſe Foci 
were D, as before, and the other Focus were” 


at the Point E (falling either within or. 


it = 2 7 | 


h 1. 


without the Section) the Proportion of the. 
direct and oblique Strokes made upon the 
Curve mou d be as before; viz. 4s the Dis 
ſtance from either Focus 10 any Point in 
the Curve is to 4 perpendicular from tie 
ſame Focus, let fall upon, the Taye 
that Point. | 


HIS needs pany Lb no og, "Rat thaw 
as in the Ellipſes, the Perpendicular from 


leſs, and in the Hyperbola ſtill in more, than 
the 3 Ratio of the Diſtance of that Point from 


the Focus (of which we may have Occaſion to 
ſpeak more hereafter) ſo in the former Curve 
will 


75 57 3 

1 Strokes (made with the Db. 
rections of Lines drawn from the Focus) be ſtill, 
in leſs, and in the Hyperbola eee, than. 
the + Ratio of the direct one. 1 8 2 
But I ſhall now proceed to the Explicton of : 
Nr 13%8" at ry ono tos Trio aff 
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| | 4Body being filed by 4 Power ball 
1 with any given Directian) upun an enclin d 
Plane; tis required to find the 3 
of the Powe — the ane e the Bdahe i: 


k 17 WY 


vo 

Ex the Weight, A (FG. *.) be held up- 

on the enclind Plane Hr, by a Power 
acting with the Direction AB. Let AE be per- 
pendicular from A (the Center of the Body) 
to the enclin'd Plane, and produce it to C in 
the Horizontal Line HG, Draw CB (perpen- 
GE to HG, « or parallel to FG) to cut the 
Line 


— ——ů— A — 


aa — — 
1 — 
— 


K es rig eager, 
1 << - — = . * 
——— -- = own - 
—_ * _ — 
* * . 

— I4- 

— 

— 


— - 7 


—— — — — 


— — — 
— —— — w » — — — — — * 
— * * — - 
0/4 V BO — hs — 2 — - 
— — — — — — 0 —— — — — — — 


0 — — 


— 


— 


* 


r 
— 
= 
—___—_ 


— 
— jo” 


— 
— 
— 


— " 
- — 


n+ 

4 
1 
ml 


— 
> #5 
+ 


— 


The Body now is to be coEei das Tſtdiri'd® by 
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pleat the Prralleogram) draw the Lines CU 
and A, Patallel to AB and BO reſpeQively« 


Three Powers (Ohe of which] is vquivalent to 


the other Two) one, the 'Power;*whoſe Dis 


rection is AB; the other, the Force.uf Gravity, 


whoſe Dire&tion is AD; and (in the Room of) 
the third, the Reſiſtance or Contranitence of 
the Plane, whoſe Direction is AC perpendicu- 
lar to it. Therefore (by the third general 


Theor. after the Laws of Motion) the Power at 
B is to the Force of Gravity, ag the Sine of the 
Angle CAD, to the Sine of the Angle ACD; 
that is, as CD: DA. Girl. hes | 


0%, F. q 

If the Line of Direction AB were parallel to 
the enclin'® Platte HF then the Angle GAB 
would be a Right one, for AC is perpetidi- 
emar to HF. Conſequently: 'the\ReQtangyilar 
Triangle CAB; will be ſimilar to the Recan- 
gular Triangle FGH. From thence AB: BC:: 
(at, is, CD: 'DA*:) G: FH,; ſo that t 

ower is to the Force of the Weight, a 
Sine of the Angle 'of Elevation — to the 
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Right one; and conſequently CD : DA :: FG: 


HG; and vic this Caſe the Power is to the 
Force of the Weight, as the Sine of the A Angle 
to (SHE of the Ad Age FG. IN 
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Plane, with, a, Dixeftioa, parallel to;the. Baſe. 
For in the; farmer Cale. the. Proportion, is as 
FG; EH, and, ig che latte 2 Fcp EG. ;And - 
Xis evident that tis as much leſe, as HG is leſs 
than EH, ISM bIO IE - 2H baun  toagnatghe 
of zu: Jnobivegay | K. 10 20 nion 
ot £049 Ita = din AW arts might \ 
The Fare by which the gedyendeavours to 1 
Aaſcend upon theenclin d laue, is to the Fforee 
by whichit endaa vours to leſcend in a herpen- 
dicular, as cr DA univerſally, (h ich may be 
eafily determin to the partiaular Caſes of 
n. I. and Il) or ther Paiyer-:is to the abſd- 
ute Force of the Weight (thatiby auichiit en- 
-deayoars' to deſbend in a perpendicular u- 
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But the Power ſuſtains, (and therefore is equal 


dend upon the 'eaclin'd Plane. Therefore theſe 


tex is in ſome Point' between Fand G) FG the 


Proportion of the Power to the Gravity of the 


in the Caſe of Cor II. Therefore applying the 


TR, Ws. 


to) the Force by which it endeavours to de- 


Forces of the Body are uſp] in a the ſame Rario,”” 


NS; ond gli 
= 07 27 19% 0 0 V. ai Ob is : wh 
Agi NAA to 22201 
by, the fame. Princi ples we may. compute | 
the Proportions of the Power to the Gravity of 
the Weight; hen the Inelination of the Plane 
(upon which the Weight is ſuſtain'd) 1 is conti- 
nually changing ; that is, when we imagine the 
Body to be held: ſucceſſively upon the ſeveral 
Points of any Curve Surface; in which Caſe 
the Tangents to thoſe Points, are the changing 
enclia'd Planes that we are to conſider. 
Thus we may conceive the Line HF (F16.X. $) 
to be the Tangent of ſome Curve- (whoſe Ver- 


Subtangent, and HG an Ordinate from the 
Point of Contact H. Tis evident, that to 
ſuſtain the Weight A continually upon the 
Curve, there muſt be a different Power for 
every different Point where it reſts. And tlie 


Weight; for every different Point will be as 
the Subtangent to the Tangent, in the Caſe of 
Cor. I. or as the Subtangent to the Ordinate, 


8 and the Tangents, or the Subtan- 
gents 
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ill give the Summatory Ratio of the Fowers 
* 18 ce of Gravity, 85 all the Points of 12 


5 725 thro' the gur ve, the Fund veſts upon. 
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fr TH net the Tangentof «Patibola; whoſe 
Parameter 27,” and Abſciſſe *. The Sub- 
tangent than ill de Sr and' the Tangent 


e d taking the il of both, de 
' have x, and 2 Lx, for the Ordinates of 


Tyocurres. Applying theſe.continually there 
fore to the Abſciſſe (x * of the Parabola, we 


"Hall, have an Uofceles Triangle, afd an equila- 
teral Hyperbola 3 for tis plain that U 


nl 1 


is the Expreſſiom of the Ordinate of an "equila- 


teral Hyperbola, . whoſe Tranſverſe, Conj jagte 
or Parameter are either of them equal to = 


4 I | "If the Line of Direttion were parallel to the 


Baſe HG, which is the Ordinate; then the 
Curve being ſuppoſed a Parabola, as before, the 
Two emerging Areas, would be an Ifoſceles 
Triangle, and that very ſame Parabola, both | 
baving the ſame Abſciſſe (x.) And in either 
Suppoſition the Areas thus made expreſs the 
Natio Totalis of — mn to the” 
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And Ga hence the like #arkecin of Prophe- 
tions may be deduced as befovey*and both put 
into Theorems in Words at length, by ay one 


- that has a mind to it. 
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e Body muſt bear to 15 fa * 
late Me cn of, deſeende 
ing in Fecher, ball equal 10 the 
Momentum of the heh. ag apdn the 
enclin'd Plane, fy. 5 ; 
& <1, 52054 mot Se 2.28e\t 
155 take the Line of 1. 4m pargllel 
to the Plane; aud coliſequeitly 'uſe the 
Symbols I the foregoing” Sho). that relate to 
Chr. I. 0 , i%o E tt. E E OA 
Let M ,gxpr xc he e ede A 
held upon. the enclin d Plane (at an 
m the Magnitude of the Body ſought 5 At let 
1 der abſolute Gravities he G. . reſpectivly. 
N 'Tis clear from rolls, 1 ſt and ach, that the 
WE Exprefſion'of the Force by which the Body en- 
deavours todeſcendupon . e Flane, is= 
= but this equal to g, the ſolute Me- 
DJ ar Force of Perpendieulay Deſcent.in 
me Body fought, Then ST r and GxA= 
Lxg.. n G 4 : M: :m/Che Grayities of Ho- 
„ maogenesl 


| cram An to weit May: 
nitudes or Bulks) therefore M. AN, af 

ſo M: m:: L: A. That i is, a Body as much 
leſs than the Body propoſed, as the Height of 
the enclin d Plane is leſs than the Length of it, 


L vill be that requir'd. Q. E:.l.” 

Ik the Momentum of & Fi "held upon in eu- 
aid Plane were not to be Se, dir in, any 
Ratio aſſign d, to the abſolute "Momentitm of a- 
eee u. y in the Ratio'of 5: „Then 
it wow'd be Ty 225: 
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That is, if the Body M be to the Body m,. as the. 
Square of the. Length of the Plane, to the 


Square of the Height; then the Jfomtnrum of 


the Body M upon the enclin d Plane ſhall be 4 
mean Proportional, between its own abſolute 
Momentum, and the abſolute A of the 
. m; or Vice Verſa,” 
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| 4. Globe dag at apon Two. | nike; Plies, 
1 which cut one another at Right Angles. l "ths 


( requir d to find what Proportion of the Pref 


© ſure, or: Baraen each Plaue {SP OW. 


, us Seo * 
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clin d Planes (FIG. XI.) AC and C0; 
* let the Angle ACD be a Right one, Uling 
the. Symbols as in the foregoing Schol, let G ex- 


5 F _ "pres 


E T the Globe. H reſt upon. the Two en 
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We 66, 1 
pred ch the abſolute Gravity, or t total 


of the Toi, thich i is ſhared berpifk fie Two 


Planes (each of - which bears its Part) but ln 


what Proportion, we are now 170 deterinine. 


Let 'AC=L, AB=A: DCS DE= ajaccording 
= the Intent of the Schol. The Angle ACD | 


made by the Twot Planes, being 4 Right one b) 


the Hypotheſis, *tis evident, that the Quadrila- 


teral Figure GHEC is a perfect Square 5 of; | 
which is all one, that the Lines IHF, KGH, 


which are the Eines of the Direction of the 


Globes perpendicular Preſſure upog each Plane, 
ard parallel to thoſe Planes reſpectively FILES 


_ THF p rallel o AC, and KHD parallel to DC. 
And] that this Ccü not be, were the Angle 
Add an a te e abuſe” one, 1 is obvi 6 us to 


the other, the = of a Power acting with a 


Direction parallel to the Plane. Thus the Plane 


AC ſuſtains all that. Force-of! the Globe, by 


0 endeavours. to to deſcend upon the en- 
which Forte, If tlie Plabe 
AC eee ah, or Powers (acting with 


the Direction KW parallel to the Fund DC) 
wou'd. ſuſtaim 80 likewiſe the Hane 


DC. ſu- 
ſtains the Momentum of the Globe upon the _ 

2 Which | Momencurs wou he Ballade d b 
Power ieting with the Direction IF 5 patal 


Al if tie 15 De \ were rea But he 
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one of auother kind; and chüt r 
betten the total abſalute f if. ths 


Globe and that relative or bartial 3 Momenthen 
| with which the Globe endcafbir? 10 defcend i 
on that Plane! For ir either 6fthb > Planes were ta- 
Ren away, and Power Was fübſttküted in 


room of it; Then tho that Ser WRAPS 1 | 


Büren which pref U upoff th Plaue beſbres yet 
the Body ftilr reſting upon tft dther Palle, tht 
Haage is preſsd by it; and Ee Qbaßtftiestef 
that Momentum by which the FIne PERI 
| is evidentiy "what Was ji HED⁰/ affe r ted, e 


Kate theſe Pröportivns therefore, tis Cerfin 
that the — 8 my which whe Glebe "XS 
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ſuſtains. But the Plane DCſtains alſo the Mo- 


ment um . and the Fre AC ſuſtains 4 


EF 


alſo the Momentum 8 Fs or nh Therefore the 
whole Momentum, with kick the Plane DC is 
" bordend,il . 24 s, and the whole 
J 5 with which val Plane AC is bur- 
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of theſe, Two Aggregates of Moments co 
which both the Planes are burden d) 


a 6 Contradidories, will be= E 


2 1 85 — to twice the abſolute Momentum of the 


Globe; which js abſurd, and, impoſſible. -For. 


the abſolute Adomentnm of the Globe isparted 


ſtain cannot. poſlibly exceed that. Weare theres 
fore (as the excellent Mr. Leibnitz, ſhews AG. 


Lip, for Novemb- 1685.) to take the Halfs of 
theſe Sums of Momenta, or (which amounts to 


the ſame). an Arithmetical Mean betwixt them. 
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ö ET C be a Vectis, cara cl Full 
A. ſciment is D, and let the Powers K and 1, - 
Acting with the Directions KB, IC, ſuſtain cach 


others Forces, or be in Equilibria about the Fultib- 


ment D. Produce the Lines of Direction till they. 
meet in A, and draw AD: Likewiſe draw DE, 


DH parallel to the Lines of Direction, and PF, 
0 perpendicular to them. The' Fulciment, 


or fix d Point D, is here in the ſtead of x THirA 
power, and its Line of Directions DA, drawn 


- | 
from D to A, the Concourſe of the Lines f 


Direction of the other Two Powers 1 and K. 
The Vectis therefore being held ſteady by thefe 
Three Powers; Two of them (Which draw it 
with the Direchohs from A to B. and from A fo 
O) deſtroy the Effect of the Third,” Which is 
to beimagined to dra it witia Direction from 
Dto A. For the Reſiſtance öf the Fulciment 
D (as the Veckis is preſsꝰd don upon it by 
the other Two Powers) is as much as" another 


Power drawing it upwards, with a Direction | 
from D to A, the Concourſe of the other Two . + 
| Dirpctions. Therefore (by Cor. II. of Theor. III.) 


F 3 Power 


: Powgr KGD: FD; that is} thePower 
teciprocahy as the Diſtances of their Einen 
1 Direction from the Fulciment. Enel, T2000. 
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 paralle/40 Preh aber, andperpecditulartoithe 
a With LDP. and, DG.. Therefore then the Powers 


- Fgipts:of, Application), from the -Falciment. 
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Fane th mY K:; Sine Angle HAD : Sine 


Angle EAD (off HDA) ghat is, as HD: ED. 
But now the Triangles HDG, EDF are ſimilar; 


Naas Aughs ect and Fare Night ones bye 
grocigg, gad. pecauſe a the Fatallelogram, 
AED AHD, and conſequently FEDSGHD; 

eee the Triangles are ſimilar. Therefore 


De: ED3a0d SnſeqntütiY, EO * 


vet li: aoif5 eric eon 4 30 en en 


1 th 8 noiBo1id 10 3 off+ 01 115 10 
. the Lings- of DireQion, BK; and Ine 


Horizon, chen GU and DF would be coincident. 
wand he. recipracally as the Niſtauces (of he 


Wen the; Lines, of Direction. of the Powers 
Ars, Parallel in the Vecdis, then if inſtead of 
Two Fours there were Ewoi-Weights ap» 
pended to the boints B, C, the Machine wou 
become n mmman Lina, the Law of which 
would be as, in the foregoing» Cvrollary, vil. 
The Pondera (being in Equilibrio)are -recipro- 
«cally, as A b den Center of the 
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From the Explication of the Vectis we may 


without any ferther, Trouble, deduce the Pro- 
perty of the Wheel, or the Axis, in Peritrychia, 
For if DOqbe the Radius of the Axis to which 
a fondus is applied in C; and DB, the Rall of 
the. Wheel, or outer Cirche ig ſelf, to which 
Power is applied in B. The Line CBR then may 


be conſider das a Vectis of which the Fulci- 
ment is D and the Bawer ballancing Klthe 


Weight, that 1s, the Machine. being held per- 
fectiy ſteady and immovable, tlie Proportion 


of the Power to the Weight will be always ; 


as the Diſtances of, the Lines of Diredjon 


from the Fylciment D, reciprocally; that is, as 
DB, CD reciprocally, or, Which, is all oge, 


thoſe Diſtances being the Kadij, they will be. gs ; 


the Peripheries, of the 6.3 heel and tho Ax reci- 
ns Se EZ I. 0 
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From theſe Principles are alſo to be deduted 

the Powers of thoſe Vulgar Machines, Sciſſars, 
Pinchers,Sheers, Forcipes, the Crane, the Gim- 
blet, the Hammer (as uſed and applied to the 
drawing out of a Nail) with various others. The 


Four firſt are manifeſtly a Pair of Vectes, placed 
croſs-wiſe, and interſecting each other in their 


common Fulcrum. Thus if ab CDE reprefented 
a Machine of that kind, where ba is the Obex or 
Body to be cut or compreſs d, then DC and 
EC being imagin'd to be produced directly to 
4 and b, we have here Two Vectes in a ks | 
Poſition, viz. DCa, and ECb, the common Hu- 
crum of which is C (the Center of the Rivet) \ 
and the moving Powers being applied at D and 
E, the other Extremities 4, b, are applied to 
the Obſtacle. From whence the Power of this 
ſort of Machiae is eaſily eſtimated. The Body 
and the moving Powers will ſuſtain one ano- 


ther, when the Power is, to the Difficulty or 
Re- 


9 1 
| Reliſtatice of the Obſtacle, as the Diſtance of 3 
each reciprocally from C. As for the latter | 
Machines, they are more immediately reducible 
to the Axis in Peritrochio, tho? ultimately re- 
ſolv d into the Vectis: The Power of the Ham- 
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Thus the Power 16; XV.) being applied in 
A, the Extremity of the Handle, and the Ob- OY 
ſtacle to be remd d or drawn out in B, then 1 
the End C is the Fulcrum or Center of Motion. = 
And the Power moving in a Circumference, 
whoſe Radius is CA and the Obſtacle (when 
mov'd) in another, whoſe Radius is CB. Hence 1 
if the Forces (of the Power, and of the Re- "= 
ſiſtance of the Obſtacle) are reciprocally, as 1 
thoſe Peripheries, or their reſpective Nadij 7 
(which are the Diſtances from the Fulciment) 


they will ſuſtain _ rere * wn » Rag oy 
* 


Ihe * 


recurvid Vectis. However, be it which way it 
will, the Explication of the other kinds of 
Veges will not be impſpper nor unuſeful. 


AD. Laſtly, From the Point D, let fall DG, 


een 0 

ue Vectis uf the firſt ſort has been hitherto! 
explain dj and that partly in it ſelf, and partly 
the Mabhines, that are nearly related to it. For 
ſuch are ullithoſe that have been mention d un- 
der this Heud unleſs any one thinks it more 
proper to reduce the Hammer (applied to the 
Uſes juſt now mention d) to the Principle of the 


WIT Fig. 16. | 
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Let (FIG. XI ) D be the Fulciment of the 
Vectis BCD, and the Powers at K and H, whoſe 
Lines of Direction are CB; and HC, be conceivid 
to ſuſtain one another upon it. Produce the 
Line KB till it cuts HC in the Point A, and 
draw DE parallel to CA, till it meets the Line 
KBA produc'd in the Point E. Compleat the 
Parallelogram AED H, and draw the Diagonal 


DF perpendicular to the Lines of Directions 
5 1 


* * 


„„ ID. TO 
KBA and AH. It will beprov'@allitogether r: 
in the ſame; Manner as in the Caſe of the for- 
mer Vectisz/. that the Power at H, is to the 
Power at K, a5 ED: Dry that ds (becauſemſm 
Rectangular Triangles DGE, DFH, are ſimi :s: 
lar) as DG DE. Therefure when the Lines of "i 
Direction AK, AC are parallel and to the Per- 
pendiculars, DOG, DF. coincide! with DB; DCig 
then the Fower will ber retiprocall/ as thoſs 
| Lites 3 that is, reciprocally as the Diſtatices 
of the Points of Application from the Pic 
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in cury'd Vectis BC (F 10 XVII. K propoſed, 
in which the Fulciment 1s at the Point, and 


the Powers applied at B and C (acting with the 
Troperty of this Machige hill be found as call 


from the ſame general Fr inciple. For produ- 


cing 5 ** 


2 
4 ® 
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1 2 1 I 15 1 | 1 5 
1 ; cing the Lines of Direction till they interſeck | [ 
! in A aud then compleatiug the Parallelogram | 
; | HADE, whoſe Diagonal is AD: And, Laſtly, | 


1 bj. Letting fall the Perpendiculars DG, DF, upon 
tribe Lines of Direction, 'twill be prov'd, that 
the Powers are as thoſe Perpendiculars recipro- 
cally. Conſequently when the Lines of Directi- 
on are parallel; the Powers will be reciprocally, 
as the Diſtances of the Points of Application 
from the Fulciment D, n 4 * Wen 
to the Horizon. | 0 


Pros. IV. 


Two Powers acting with given De 
Suſtaining one another upon a Trochles ;. 
5s requir d to find the Bn 9k 5 


* Powers, 
_ the Trochiea (FIG. xvm) nelly 
„ fix d by its Center E to ſome Body that ſup- 
b, T any Motion. And let the Powers 
at 


+. 


rection till they meet in A, and compleat the Fa · 
rallelogramA DEB, and let fall the Perpendiculars 
EG; EH to the Lines of Direction, which being 


Tangents at H and G, theſe Perpendiculars will 


be Radij, from the Nature of the Circle. There 


fore now (by Cor. II. of Theor; III.) Power at C: 


to Power at F:: as Sine Angle AEB: to Sine 


Angle BAE; that is, as AB: EB, that is, as ED: 

EB. But the Triangles EGB,'EHD are ſimilar 

(for the Angles at G and H are Right ones; and 
EBG = ED H, becauſe of the Parallelogram) 
therefore ED : EB :: HE; GE; and conſe- 


quently Power C=Power F. . E: I. 
YE EU 


If the Lines 
Law would be the ſame, as alſo in this latter 


Caſe, if a Weight were ſubſtituted in the room 
of either of the erz. 


SCH 0 L. 


Becauſe the Tangent AH, AG, are equal from 
the Nature of the Circle, therefore Angle HAE= 
GAE; and ſo tis preſently to be concluded that 
Power C is = Power F. But to uſe the per- 
peadicular: from the Center to the Lines of Di- 
region 


at F and C,vihoſe Dire&ionsare/FD, CB, ſuſtain - 
one another upon it. Produce the Lines of Di- 


Direjoh were — the 
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tick, but alſo. a Method vaſtly - peta — 
as being applicable to other: Machines wheres 
Circle is of no Conſideration, and tothe Caſe of 


ie: 3 
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Parallel as well as omjñerging Lines of Dire 


on. lnſtances of this were given in the Vectis 
Libra, and Axis in Peritrachis. The Trochlea 
itſelf is no other than a Vectis. And tbe Caſt 
juſt NOW: conſider'd, is no other than that of a 
Vectis of the firſt: kind, in anbieh the Fulci- 


ment is equally un 70 leach Point 
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Two. Powers. 3 with given Directions, 
fu uſtaining a Weight by. « a Tfochlea ; "tis re- 


Juir d to find the Proportion of "ther of thoſe 
"Iu 1 ei pr.) 1 


ET the Powels(F7 6. XIX. ): at A and B (or 
the Power 2 at A. Aud ſome Obſtacle well fix- 
ed at B) ſuſtaln the Pondus by the Rope AEDB. 
The Line of Direction of the Pondus CF paſſes 


thro' C, the Center of the Trochlea; and thoſe | 


of the Powers, which, are AkKjand DB being 
produced,concur in F. Then by Cor. II. Theor. III. 


Angle CD; Sine Angle EFD But, AE and 
BD, being Taugents, tnineglx be proy'd, 


that the Angles FFC and d DFC. are | equal. 80 


that the Power is to the Weight, as the sine 
ef z the Angle made by the Lines of Pirett 
to the. sine ang 'that t it ſelf. Q Eg l. 
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We en the Line 8 of DireQion E Er, Df, are pa- 


f 905 then EC s CD, the e 


then, will Tie ig one Right Line.“ And 
will be reducible'to'a a Vettis of the fecond Sort, 


where one Power is applied between the Fulbk. 
ment and the other Power, , ConlequeltlF4te 
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Power at A will *. the Weight, as the Be 
a W's a8 1: 2. 
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| Tov Potts Aa with given Direttion, hs 
— ſtaining « Weight (without a Trochlea) tis 


requir d to find what Poets they bear 70, 


one another. 


(13 


ET the Powers cine! uot and na - 

Directions are KD, and ID, ſuſtain the Von. 
dus D. Produce the Lines of Direction till they 
meet in the Center D. Compleat the Parallelo- 
gram AEDC. Then by Cor. II. Theor. III. the Pow- 
er at K, is to the Power at I:: as Sine Angle 
CAD: Sine EDA:: AC: CD, or AE. or which 
is all one, they are as Al : Ak; the Lines AK, 
and Al being Ferpendiculars from A to the 
Lines of Direction. | 
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From hence one iy eafily compute the'Voy.. 
ers of theſe Rhombs, 'which the fanU! 3572; 
conſiders, in order to the Eftimatior! of the 
Forces of the Muſcles j and that, Whether ſingle 
or combin'd together in Chiang) acebrdimg tb 
all the Varieties mention din ſeverat* Prep. 
tions in his excellent Book, De ö Am- 
lum. For the Proportion of thepo werd Hot di- 
1y to one onother, but alſe to the Gravity 
of the Weight, is eaſily deduced! from that 
Third General Theorem khat kas been ſb often 
"Une already upon 'theſe-Ottaſions! 5 ob 10 
As for the Powers of the Wedge and the 
Screw: tho” they are not ſo immediately af 
directly explain'd, from the general Principle 
of tlis Compoſition of Forces, as theſdiothifs 
that we have conſider'd; yet they are Ineluded 
in it; being ta be reduced 0 ſome ohe Hendtbr 
other that is immediately demonſtratec chi 
thence. Thus ſome Peqaple have refer vu both 
theſt Faculties to that of the enclit d ant 
hileathers ( whatever they do with iche Scher) 
have reduced the Wedge to a xdonble Vitttis. 
But Lam ſatisfied I can't do better in is Mas- 
ter, than to give Mr. Nemtems ow Account of 
them, and refer / the Explicationqfetii Weile 
to chat of ae Body prefling ypopyTwaenduMsl 
77 Q | Planes 


= = 

*.? K 1 

"= | * 
„ * 

3 * 444 * 4 4 


Planes making an 3 »6 one am nad 
* „make the Screw nn other; than a Wedge im- 
x pell'd by a Vectis. The celebrated Dr. Walls 
Adaeeduces the Properties of theſe. (as of the tet) 
* from his general Prop. which is Prop. 5. Chapin. Þ 
of his Tract, He daun. But from which faever | 
of theſe Principles a Man won'd explain tie 
Powers of theſe Machines, he will come to the 
ſame Concluſions; 2. For the Wedge that 
when the impelling Forces to the Reſiſtance of 
the Obſtacle, as the Thickneſs of the Wadge, 
do the Height of the ſame: And for the Screw 
that when the Force that turns the Screꝶ is to 
the Reſiſtance of the Obſtacle, as the Interval 
of the Two. immediately Succeeding Turning 
of the Spiral, to the Circumference deſcribed 
by the Power in one Converſion of the Screw: 
1 Hy, that when it is ſo, the Powers (in theſe 
Machines) will be equivalent to the Reſiſtances 
of the Obſtadles, or (if one may ſo expreſs it) 
there will be an Equilibrium of Forces and Re- 
ſiſtances. Or, as our Great Authour K preIes 
it, hen the Force by which the Wedge urgzes 
dee two sides of the cleft Bodichis'to-the Bote 
WM of the Mallet upon the Wedge, as the Progreſs 
1 of the Wedge according to the Devevmination 
_ of the Force impreſsd upon it, to the Welcuitx 
# with which the Parts of the Body giueπ]¹—ꝙj | 
=_— the Wedge in Lines perpendicular to the sides 
| rn een 
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0 
to preſs the Body, is to the Force of the Bend 
that turns it round, as the circular Valocitij of 
the Handle, to the progreflive 8 
Screw towards the compreſs q Body. ; then 
| there will be an E uilibrium, or the, contra- 
"ry Forces and Reſiſt nces will ülkaln öde al af 
ther. eine e FE! 2 | 480 1 
But this holds true 10 f. Nadie 
"ever, that any Agent and Patient, Force and 
"7 Reſiſtance, or contrary Force and orpe, Abe i 

then equivalent to, and will Tultain” one 4 
ther, when they are "reciprocally” 0 thejr re- 
the five Velocities, eſtimated according t to the 
7 050 Directions and Determinations 'of thoſe 
Pe” For the Aion of any Agent beißg 
eſtimated by its Force and JIG conjuptly, * 
2 the Re-afion 'of the P. atient of reviſti 
y, eſtimated alſo by the Veocifies a and the 

Forces of Refiſtance i in the ſeveral Parts ( (at ling g 
8 their mutual , Attrition, Cobæſio ion, Weit 851 
or Acceleration) then' Action and 0 Yon | 
mall be equal to olle auother Auer 19 
Machines itnaginable+ or, ip oifier 
there will be an Eger, he Win 
neſs of Mechanick may therefore be ne ny 
"Thtoa' very narrow Compaſs, and the Powers of 

all Inſtruments whatſoever Are iuclude in 3 this 
one general Analogy that follows. 1.2 . 7 „ 
preſs any” Powers, mo ving Forces RE, 
e jth 85 vans HAT pe 
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e And chat of . by =. Then iy N, 
the contrary Forces will ſuſtain one another, 
aBecunſe (upöh this ' Suppoſition) * a = N. 


Thereſere k Paw S Van ; ther e, ir 8 


200 3 i K * 
then the. oer, jhall overcome the Force or 


nce r. Hence in any Machine the Pro- 


blem may be ſolyed, To. moue a, given We, 117, 
2 ro "exons 4 given ahbe with 5 


Force, 0 Has 423105 te Wit 
And t IS WY Application. alone were tat: 


ficient to ſhew, how. true and certain, how ge- 


neral and extenſive that Third Law of Motion 
is, which tells us, that Reaction i is eyer equal 
to Adtion, Ge. But this i is but one Inſtance of 
the uſe of) it neither; 1 there are ſeveral others 


beſides of no leſs Conſequence and Importance 


than this, "which the Great Author himſelf 
has conlider d, and his, and ſeveral other Ex- | 
amples telating to thoſe Matters, have. been 
very well and latgely, explain'd by Mr., Keil; 
upon which Account I ſhall i, the leſs o 


2 a D 4 


- them,, The ſame ingenious Fer on laſt_men- 


tion'd has alſo in à late Book (his, Introduction 
to the rrue Phyſicks) made uſe; of: the Second Law 
f Motion. as a. Principle. to, eſtabliſh, ſome ime 
portant Theorems. vpon,,.relating-to-Accele- 
Tated Morion; 5 and the ſame Law, will, be.of-as 


Then, uſe in demonſtrating all the common 
, eorems about equable Motions. But. ue ae 
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Lay to proceed with * Gro of thoſe Laws 
Second 
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The Quantity of Mation, which apiſer by. t 


i-obipg. the Sam of the «Median Sewards the 
Dane, Part, or the Difference of 2b0ſe mane 
towards contra Parts; art not uhu 


be Aktion of "Bolts" One Won ld lber o 90 


207 v6) 309 Kuno 218 hoifos- H bas no 
MAT is if Two Bodies (moving either 
towards the Cſame on tuntraryo i Parts 
ſtrike each othechdthe Sum ofathe Motions 
made towards the ſame Part, aud che Olſſerence 
ofithoſe made towards contrary Pires ill be 
the Ame after the Stroke that they ere ber 
ford. Let B. be TN Bodies, Wanthe Velo 
_city:of B, and vr the Velocitytof u Sz the 
Sum of the Motions (made towiatuti the Ame 
art) D= the Difference of the Motions made 
wards” contrary parts. A= tal i Yefore 
HUE Bodies tribe ole aböt haf, That tber Sun 
of the Motions towards the ame Par Hs; 185 
BxYVr1-#*v, (from that eommon, Principle that 
the Momentiqn or Quantity of Motion of any Bo- 
dyis=to the Parallelogram under the Quantity 
of Matter it contains and its Velocity) and the 


Difference of the Motions towards - contrary - 


Parts=D is BR V-. Suppoſe now the Bo- 
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1 on GP B vpon h be put =, the Re-aQi 
KN . 9 * upon n, then after the Tollen the M d. 
on of BB VH und tlie Votion of b=bxutm, 


and conſequently the Sum or Difference (S or 
cee BW, in en Lappe 
1 fon the Omutities 1. and n muſt be' affected 
| with diffetcht Sitzus; that is, if m be poſitive, 

a will be hegative, and H u be poſitive, ill 
9 be negative, becauſe the, Directions of the Acti- 
on and Re- action are contrary. But (by the 
Third Law of 1 Mation)' Action is ever equaljto 
Re- action; that is, the Quantity ma A, or 
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| az: mx Conſequently, ſubſtituting u in the 
8 room of my and -m in the room of n, they 
i will de ſtray one another, and there will re» 
* main BW Nνα , and MV D, the 
1 ſame Values as beſore. So that the Sum or Di. 
Wl - ference of the Motions' cu Tine: gs 


Collifintr that it mas before... 


Itun eu! r 
From hence the aus of the Colliſion * 


WW I Hoon: Gf a Je cally ada 
* | cba 1 fy YT DT: 24707 OR * 5943 In 


Wi bee brd Bodies; in order bb 
.— chit heceffary chat we premiſe this 7 


81 I « ou "t 4 ” 
* i g J * 2 4 1 * be : 
10 Ws f * {A ; # 4 ' 11 64. 5 e 1 18 


"I d 
1 9 1 7 by p 


Wi. 27! Mite CYNSO V e NENT TIES ernte is 


's 1 * * ; - * « 
& x1. 3 : - «7 *« %.. a% 1 £44 1 5 0 = 1 24 * 16 
* y ? 18 * TEES 4 . 2 f 4 
19 N "YL K 4 *. ; 4 # © 9 : 2 * N n 14 % * « + » 1 I 4 * L* * 
Jo bre | 0 , 
2 TP N 4 


- 
2 oenr ge _ 
Wi — —— , 1 


* i ; —= 
e 


— * — ths 
RAD. gs 


* — 
—— — - - 


5 * dt 
SEAT” 7 


4 * 
a ; * 7 * 4 N 1 N 
5 ** e 1 1 N " il 2 p > þ 1 . * Laws > A: WY E 4 5 1 
Ti A 
4. 1 
F * © 
>; kay 
5 
it; 
4-8 wm 
1 . 
TEE) - 
7 0 


177 


bag 5ardagt ee l WH - 2108 


HS N Ls eee Roz Xt: * 


I «Vari Boh pinie aha A — 
3 whether hat upon which the Stvake's5 RY 
„ e ent, or moves mare flomly towards. 

the ſame Quarter, or, Laſtly, towards: the 
ebontnar Part {with 's te; Motion J-ifter 


. , the er "ove ma the ſame 


46 D fl 9 . elocity,. * y: oled / 200 = 


' (EF th&Body'B ſtrike directty upo * _ 
4 (by the Second Law: ' Motion) 
| ab more accorditi; 8 to the Pirseg e of che "_ 
Force inpreſs'd upon Nee the Bolly Bj the 
Action and Inffuence of afl cireumſacent "oY 
being ſuppoſed to be remov'd: © But W eantvt 
move lower than B, becaufe of B following it; 
nor ca it move faſter, fince (by the Yypothe- 
ſis) we remove all deine Cauſes of its Motion, 
beſides the impelling Bod) B. Therefore the 
Bodies B and b ſhall move both with the ame 
Velocity after their Coflifion, 
From hence therefore to find true the Value of 
that commom Velocity, with which the Body 
ſhall move after the Stroke: Let this common 
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ther) But by the Rules above deliver'd we can 
find univerſally what the Momentum of any hard 


the err Bodies, after they have WN 


but to multiply the common Velocity into the 


Magnitude of each Bodem 


And from hence we may eaſily determine the ; 


Magnitudes of the Strokes made by the Coſſi- 


ſion of one hard Body with another, and ſ ar 


rive at thoſe Theorems which the celebräted 


Dr. Walks has given us telating to this Matter, 


in the Chap. of Percuſſion; which is the 1 1th 
of his admirable Trad, De Motu. For (accord · | 


ing to the Accounts, of that excellent Perſon) 
the Magnitude of any Stroke is equivalent fo 
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_ (Prop. 5. of the foremention d Chap.) to be 


equivalent to the Magnitude. of the Stroke. 
For the Doctor brings into the Account of the 
Stroke, not only what the ſtriking Body loſes 
but alſo what the Body that is ſtruck receives: 
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V-; that is, the Magnitude of the Stroke 
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Caſe of Motions towards contrary Parts, as the 
Difference of the Velocities in the former Sap: | 
polition, to the Sum of the Velocitiy in the 
latter; that 5 as the relative — 
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And therefore” it follows, that the Magni 
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Difference or the Sum of! the” Velocities; that 


1 is, to the relative Velotity of the Bodies, by | 


which they come towards one a Aubthert. 


Spes {115019 err ui 


From the aws of Morton itt perfetly hard 


ttc, we come to conſider! Ns mont T28q 


dus 510 25T16wor an 345 +87 


2. In perfectly Elaſtick n ad here, tis 
aecoſleryto-promiſe this o: won 5onot mort | 


| ,901013e 471 1 fe ail T ine 10 
1 21005 es zu Ny Möbel 243 UA 
Thit 4 % Th Bae felt Elefiel firike 


one W 70 their rel aiv Velorit) , bb. 


4 Maes. th e Jame after the Stroke, that it wl 


4 ＋ Men 
Aen. e ee | oo 


4 77481 
0R the whoa of a ah y perfectly Elaſtick 


is to reſtore it ſelf With a pts equal to 


. by which it was compreſgd. But (in the 
Hypotbelts of the e preſpiit, Lemma) the” Com- 
Prellive Force is 10 other than the Forced The 


Stroke, 


— * 
— — — — 
— — 24 — »_ ce — 
— — 


— — — 
33 — 
— — — 


- 
EX ab 
2 

Un 


2 
— — 
Ro — le. li ane — 2 
e EY 1 4 ——_ — 
wy 


- — = _ 
: 4 - — 
ISS — 2 — 2 * 
— — = —— yt 


— 
an” uae — 
l 

— 


— — 
o E - — 


— 23. 
* 22 
— — — 


2 MT > . 2 * 

3 F uw — 1 COS \ - 1 : < FR. 2 * 

— 8 % 1 py * * * C 4 ay rs 
2 r HS oh Fine — * — 

* ” — 4 -- —— 7 wy r — 

— 8 „ 2 < — — 2 
— a — 
— - — N - - — — 4 
> * — 2 — — —— 


| Pry np 00 


5 1 0 12e 


Na FEM 
one of the Elaſtick Bodies 


$A - & 


thocks the other: 

Nom the Magnitude of the Stroke (by the 
SN Cor.. foregoing) ariſes from the relative 
Velocity of the Bodies, and is proportional to 


it. Conſequently the compreſſive Force js pro- | 


portional to that;Velocity. But the reſtitutive 
Force being equal to the compreſlive, acting up- 


on the ſame Bodies, ſhall produce a relatiye 
Velocity that bears the ſame Proportion to it, | 


that the relative Velocity before the Stroke 


bore to the compreſſiye Forge ce ; therefore it all 


produce a relative Velocity equal to the former. 
And therefore the Bodys after Colliſion ſhall de- 
part from each other with the ſame, Velocity 


| That they came towards one another with be- 
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From hence now to determine the v clocitte 
of Elaſtick Bodies after the Stroke. | 
All the other Symbols ſtanding as before, let 
the Velocity of the Body B̃ after the Collifen 
be put g. When the Bodies B. b. move to- 
Wards the ſame Parts, then their. relative Velo- 


city is =V—»v; and when towards contrary 
Farts, tis S V-Y. Therefore (by the forego- 


ing Lemma) in rhe former, Caſe, the Velocity 


of the Body b, after the Stroke ſhall -V 


and in the latter Caſe. it ſhall = Vote, But 


(by- Cor. II. to the Lows of Motion) the Sums 


the Motions tomards the ſame Parts, or the Dit- 
ferences 
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roth Props . Chap. 13. Mechan. | an 4 Ind | 9855 
Ac from kee gener Expredaiy thi 
| kopi, all the particular Las Ae e &&- 

termin d. PULP, Mone ©! 

Ex. F. Suppoſe the Body b e e 
Pc) 

"hn ve, and conſequently "I 5 5 N and 
BV—bV N 
6 7 A Ng yh : Bb; that is, the Velo- 


8 Slot 


city of the moving Body B. after the Stroke, is 
* BHS clocity it had before, .as Wee 


IV: 2 BV. BV, when the Motions are 


in of - 


—_— 
. * - 
— au — — ener gut * 
- — r og * =. 
- — — 2 — 
C 2 C 


— . —_——— -_ _ 
—— — f 
Py —— ” — — 
— 


—— 
— 
— —7*ji— —  — —  w— 
9 ney. "I _ 2—ͤ— — 2 Ser 


- — _— 
— ee - 


— — 


— 

— COTE _— N 

6 ˖˖V TS 

— * - 

— — — 
r 5 


* — — * Pr * * — 
— arent — ag ve Re et — >. wn 
% "* 


— — 
—— — — * Cos 42 
— — — — 4 — 1 1 
—— — 


l 
— 
— 


2 tre FI 2» (an anr * ww — ** 
WW... * p = — 
22 „„ oo «K-14 oye 


= 
— 
_ 


FEE 


= 21 — # W — — 
— 4 — 9 . * 
— — —— gon) 2 — 


> 
"4% wap. — i — 
_—_ — my 
- 2 


3 
byes 


vo 


* — 2 ** 
— a 
HIKES _— 


<< 
3 
ae 2 * = 
# 
* "_ 


4 Ps * 
. 

. 2 

I 
5 - 
4 - go 2 - 
- — —— 
js * A. — 


c 


12 
— * 


=; 
— 
« 
— — — —— —— nn ñ,＋‚˖—4. . — — 0 —— 
— —ũ—30ẽ —y—ͤ—— Aa ooo - — - — — # wb * — — 
— 
12 5 * 


ES 


—— ages Av 


8 F aB 0,5 2BY 
ya re 8e 


2 Be B+b; that is, the Velocity of the 
e Body 6 after the Stroke is to the Ve- 
locity of the ſtriking Body, B before the Stroke, 
as twice the ſtriking Body, to the Sum of both 
Bodies. If B-, then b, ſuppoſed quieſcent a as 
before, 2 2 will — 2 o; that is, the Body B after 
the Stroke will loſe allits Motions! And alf this 
Dr. Walls ſhews Prop. 8. Chap. 13. concerning 


Pac 4a and Reflection. e de 


Soppoſe Ba-, and that the Bodievinov'@ t6- 
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wards contrary Parts. by Then * Bf 5 and 
ABV; —a . 
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dies ſhall mutually interchange their Velocities, 


the Body B moying with the, Velocity ef b be- 
fore the Stroke, and the Body b with the Velo- 
city of B before the Stroke. And that they ſhall 
move towards contrary, Parts, is manifeſtly e- 
nough ſignified by the Difference of the Signs, 
for it is, and —1 And this is Prof 7; of 


the forementian'd Chap, aa... 


Suppoſe again B = b, and that they 21970 
towards the ſame Parts, the Body b going be- 
fore with a Velocity , and the Body B 65 


J. 
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ming after wikhila pete? velocity, viz, V. 


Tien 2 and y EAI. Therefore | 


after the Stroke; the Bodies ſhall move with the 
Velocities they had before the Stroke, alter - 
nately taken, as it as in the Caſe foregoing, on- 
ly with this Difference, that there they mov'd 
towards contrary Parts, and here towards the 
ſame Parts, as is plain from the Identity af the 
of the Signs. And this is Props: 9112") 507 
If B=b, but the Body b be ſuppos'd quieſcent; 
then z ro, (for in this Caſe v=o, and bu—o, and 
becauſe bB, then BVA So, and. the whole 


Value of z=o) but y = 5.50 e V. 80 that 


after the Stroke the —— B at firſt in Motion 
ſhall quieſce, and the Body bat firſt quieſcent 
Mall move, with a Velocity V, the Velocity 

of B before the Stroke. And this i is Prop. 5. 
If B were =b, and alſo Vu, and the Bodies 
mov d towards contrary Parts, then tis plain, 
that z= —», and y =-| v; that is, the Velocity 
of each Body after the Stroke is the very ſame it 
had before, or they are reflected each with thoſe 
Velocities with which they meet together. 
Here alſo the Difference of the Signs diſcovers, 
that the reflected Motions are made towards 
contrary Parts; and the Nature of an Elaſtick 
Body (which ever reſtores it ſelf in the ſame 
DireRion according to which it was compreſt) 
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Prop. 3. of the foremention'd Chap. 


as, plainly ſhews, that the Bodies will move 
in the very ſame r the Stroße 
that they did before. ; 
Again, if neither B, wt W yet if the 
me Bodies be reciprocally as their Velocities; 
that is, if B: b:: v: V; in this Caſe alſo uf 
terthe Stroke they ſhall move towards contrary 
Parts with the ſame Velocities they had before. 
For ſince (by the Suppoſition) B. V=bx*o, theres 
fore (the Motions being made towards' con. 


trary Parts) « ſhall = == and y ſhall = = 


D But al Op nd BB 
= uz; therefore Ki "ol ſhall move with 


the ſame Velocities reſpectively towards con- 
trary Parts after their Colliſion. And this 


WA 


Having now conſider'd theſe particular Laws 
of; Motion, | proceed 3 * 
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Third Comoruatry to theigeneral - 
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Tae en 1 Coutts of Cb ale ah its 
State of M fotion or. K eſp by t the 4 


Badies aper 7. 177. gf therefore 
(ſetting aide all external, Actions, and In- 
pediments) the common Center of Gravit 
of all Bodies acting mutually pon one anb- 
"ther, either is at Riſt, or is Hou ani. 
Sow in aN We Fal. 
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J 1 k common Center of Gravity of Two 
Bodies, is the Center or fix'd Point of.a an 
imaginary Libra, about which, the ſes are; n 
Equilibrio. _ This Libra 1 18 4 Line conceiy d to 
paſs thro? the Center of Gravity, of f each, Body 
or to be continued from one Body? s Center. of 
Gravity to that of the other. Then the Fulci- 
meat or fix'd, Point (found by taking the Di- 
ſtances of the Centers. of Gravity of the Bo- 
dies from that point, reciprocally proportio- 
nal to the Magnitudes of the Bodies them- 
ſelves) is what we call the common Center 
of Gravity of the Two Bodies. 50 likewiſe 

we may make an Eſtimate, of the common 
Center of Gravity of any Number or Syſtem 
of Bodies, according to this Friaciple, 
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The Demonſtration of this Coro. will be 


clear, upon the making out of * Two Pro- 


portions. WA Vw ti01todÞ, nh, \ 

1, That Bodies moving 1 ** to- 
wards the ſame, ,or towards contrary Parts , 
before they meet and ſtrike one another, their 
common Center of Gravity will either quieſce, 
or nde re uniformly ina and Do, 700 
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| Let the Bodies (7G. XX1,) be A. B. thelr 
common Center of Gravity C. the Diſtances 
of their Center of Gravity from that Point, 


AC and CB reſpectively. And let the ſmall 
Letters denote different Places of the ſane 


Bodies, and of their common Center of Gra« 
vity. 

From the Nature of the common Centet of 
Gravity, tis plain that A: B:: BC: AC, from 


whence AXAC=BxBC. Now if the Bodies 


mov'd into the Places d. g. or e. F and it were 
ſo that A: B:: g C: 40 or A: B:: FC: eG; 
then the Motions with reſpe& to the ſame point 
C, wou'd ſtill be equal, becauſe AXd4C=B*gE, 
or Axe C=BxfC) and the common Center of 
Gravity C wou'd quieſce. So that in equil 


Motions towards contrary Parts, whether the 
| Bo 


| themſelyes. Again, if the Bodies move towardy _ 
| the ſame Parts with any Motions whatſoever, " 
| is manifeſt, that the common Center of 1 


Bodies 80 from, or come Wah. one andthier, 


the common Center of Gravity is ſtill at reſt, 
But if the Motions were ſo adjuſted to each 
other, that Ar B CA, f ABENA 
e, that is, A*dC > Bx*gC, or. A*eC> 305 


then ſome Point as i bet wee / or d and C, max 


be taken ſo, that Axdk.may =Bxgk;, and then 
tis plain, that the Point & is the common Center 
of Gravity. Therefore in this Caſe, the coils. 


mon Center of Gravity has mov'd from the. 
| Point C to the Point l. Solikewiſe it might be, 


ſhown, that if AX4C< BYgC, or A C SB 
then the common Center of Grayity, wou'd be, 
in ſome Point as h bet ween g or f and O, and ia, 
to have mov d the Space C h. So that tis. mot 
clear, that in unequal Motions towards Datei, 
Parts, the common Center of Gravity moves in 
the ſame Right Line together with the Bodies 


muſt moyealſo, Let the Bodies A and B who 
common Ceater of Gravity, is C,maqye: from the 
the Places A and B, into the. Places e and 2 


now. in the, Point. CG. For if it were, then it 
mand be A; B;: g C e he Bodies, being in 


e and g. But it is A: B: +BG; AGerhs Bodies * 
being in A and B. Therefore it wou'd be 20: 


eQ:; :BC; AC, that isg C: BC: : C: AC,which 
H 3 9 
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Grayity cannot he 
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is impoſſible. Tuned Ws 4 common Center 
gh: et: eb! AC.” vor bt! it muſt neceſſarily 


ident enough, that the Motion of the common 


ter of Gravity. Fon JEUNDE IA 1.168 


Lines (either Parallel, or enel lud to one another) 


6f zFravity is not in C, but into fore Point as h 
taken ſo, that it m ay bes h : eh: BC! AC, or 


be in tote bolt, as h between C and B, is too 
plain to need any Proof. And further, *tis 


Center of Gravity (Whenever it moves, In an) 
of theſe Caſes) is uniform, or that it deſcribes, 
equal Spaces in equal Times. For the Motion of 
the Bodies is uniform (by the Suppofttion) and 
che common Center of ' Gravity divides the 
Diſtance between the Bodies ever iu the ſame 
Ratio; there fore as the Spaces deſctibed by the 
Bodies themſelves in equal Times, wWillbe equal, 
ſo alfo will thoſe deſcribꝰd by the common Cen. 


Hitherto we have onliderd the Ade on- 
W as moving in one aud the fame” Right 
Line. But if they move in different Right 


the Motion of the common Center of "Gravity 
may tin de ſhewn to de perfor mn Right 
2 and to be uniform; for the Demonftts! 

on of Which L refer the Reader fo Mr. Nils 
foremention'd Book. 80 alſo if the Bodies mob 
in different Planes, and it were ever ſb 'greata 
Number of Bites, the Motion of whoſe comitith 
Cciter if Orafiry des confider'd. "008 
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. The next Thing to be cleat'd;iv;/That whih 
Two Bodies moye either towards the fame or 
towards contrary Parts, the Sum or Difference 
of their Motions is the ſame as if they were born 
carried with the Velocity of their common Gch. 
ter of Gravity. 70001 1 
This Prop. may be ally dadsüd nt but 
I will at preſent give an luveſtigation of it. 
And the doing it in one Caſe alone, when the 
Bodies move towards the ſame Parts, will be 
Direction enough to the induſtrious Reader to 
do it in the other Caſe himſelf. In (F 1G, XXI.) 
Let the Bodies A and B move from the Places | 
A and Binto the Places and g, and their com- 
mon Center of Gravity from C into h, at the 
Fame time. Let AB, AC Then BC—b--c. 
Let Chen. Ae=d. Then Db en and c 2 
c- d. and ehr e- A-x. 
When the Bodies are in e th 2 the vue of 


25 win be found= 3 ee from 


the Nature of the oma Center of Gravity, 
Therefore Ct Ke n yi the 
Sum of n _— of the Bodies i is A A * 

Mag ae 2 nb—Bxdb, A nd 


the Motion of both eitried with the Velocity of 
the common Center of Gravity is A*Ch-\- 
55h, that is, Aun-¶ B And (multipling both 
Farts by c) we ſhall find A , τ 
1H 4 it 
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ariſes a Demonſtration of the Truth of this 
Third Cr. For (by the Second cur. the Sum 


another, that it was before. But it has been 


the common Center of Gravity moves at all be- 
fore the Bodies meet and ſtrike, it moves uni- 


dies have met and ſtruck, it will move uniform- I 


if it beat reſt before the Stroke it will eaſily 


1 104 4 N | 

Bede NB -B, (becauſe Nane 
from the Nature of the common Centet of Gra- 
vity, and conſequently Axnc = Nei and 
Axde=B*db—Bxadc.) The Reſult therelvrek 
that the Motions are the ſame, as if both Bodies 
were carried with the Velocity of 17 common 
Canter of Gravity. Q. E: IJ 


\ 


And now from both theſe Props. odd 


of the Motions: towards the ſame: Quarter te- 
mains the ſame, after the Bodies have ſtruck one 


ſhewn, that the Sum of the Motions either be- 
fore or after the Stroke is the ſame as if the Bo- 


dies had been carried with the Velocity of the 
common Centerof Gravity. From whence. it 


may certainly be inferr'd, that the Velocity af 
the common Ceuter of Gravity, is the ſame be- 
fore as after the Colliſion of the Bodies. But if 


formly in a right Line, therefore after the Bo- 


ly in a right Line alſo: As on the other Hand, 


be ſne wn to be at reſt afterwards. Therefore 
the common Center of Gravity does not change 


its State of Reſt or uniform Motion in areMili- 


L 165 + wp 
| neal Direction by any Aion of Bodies upon one | 
anther: QE: D. 
And thus much for the itdſtration of the 
co But before I paſs to the next, (being now 
upon this Head) Tn add Two or Three Props. 


relating to the Motion of the common Center 
of Gravity. the 
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9 ow Bodies: equal in Magnitude, move in 
the Sides of 4 Parallelogram with Velocities 


proportional to thoſe Sides \ reſpefthotly ; 
| ther omen Cnr of Grew hal fil 
. in the Diagonal. | 


ET the Bodies(F1G. XXII. move in 
Lines FA, BA, from the- Points F. 5 
Wande A. Draw the Diagonals AE, BE; cut 
ting each other in , and any other Line as CD 
parallel to the Diagonal BE; interſecting the 
Diagonal AE in the Point 4. When the Bodies 
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A 
ut 


are in the Foints B, E, tis plain, that their com- 
won Center of Grabity i is in H; for the Bodies 


are 
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are equal. by the Hypotheſis, and BH _ 
(from the Elements of the common Geometry.) 
Likewiſe hecaule. the Velocities of deſcribing 
the Sides of the Parallelogram are ſuppos d pro- 
portional to thoſe Sides reſpectively, therefore 
(CD being parallel t to BF) when one of the Bo- 
dies is in O, the other will be in 1 for CB: 
DF :: AB: AE; conſequently BC and DF will 
be diſcrib'd in the ſame time. Therefore (be- 
cauſe Ca the common Center of Gravity 
will be in the Point 4, that is, in the Diagonal, 
The ſame may be ſhewn whereſoever the Bodies 
are. . &c. Q: E: D 41 


„ LS. CIRID 


L 0 


If the Bodies were unequal in eh; the 

Velaocities with which they, move being as the 

Sides of the. Þ arallelogrom reſpectively; the 

Paß of the common: Center of Gravity 

bene, will nat 8 nen bs ſh 
| determin? 4. Awol) UN 


ET the Ratio of the n of the 

IL Bodies; be what it will; then from A 
IG. xxl.) draw the Line A c, to cut the Dia 
gonal BF in the Point c in ſuch a Manner, that 
the Segments. Be, and c F may be reciprocall as 
the Magnitudes of the Bodies plac d in B and F. 
Tis evident, that the common Center of Grayi- 
a ſhall deſcribe the Path Ae, while, the Padie 
dem- 
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en deſcribe the sides of the Parallelo- . | 
gram, BA and FA.., For any Line as CD parallel. 
to BF, is cut bythe Line Ac ſo, that the Seg - 
ment Ce, e D ars ever in the ſame Ratio agg 
e e 9 7 Ez ext 51 alt vi 
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If Two Circles touch one another internally, and 
one Body be at reſt in the Point of Contact, 
while another moves in the Periphery of the 
outer Circle; then if the Sum of the Two 
Bodies be to the moving Body, as the Dia- 
meter of the outer Circle, to the Diameter of 

the innermoſt, the common Center of Gra- 
vity ſhall deſeribe the Periphery of the in. 
nermoſt Circle. 


ET (FIG. XXIII.) the quieſcent Body be 
fix d at A, the Point of Contact of the Two 
Circles, and let the other move from B to D 
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Bodies be called A and B reſpedti 


— ** —— — 
as 


[ 168" 1 | 8 
in the outer and reater Circle, And let the 
rely. Then bye 
the Hypotheſis tis A4-B :B:! AB: Ac. Theres 
fore (by Diviſion) A: Br :BC AC; conſequent" 
ly when the moving Body is in B, the commen 
Center of Gravity is in C, But (from the Na- 
ture of the Circle) AB: AC*: AD: AETbecauſe 
the Angles at D and E are right, and that at A 


is common, and to the Triangles ADB and AEC 
are Similar) alſo tis BC : AC:: DE We, * 


BC: AC:: A: B, therefore DE; AE: : 


Therefore when the moving Body is in 5 al 
common Center of Gravity is in E the peri- 
phery of the inner Circle, and fo it will be al - 
ways found in the ſame. Q. E: D. 
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If Three Circles touch'd, one another in the ſame 
Point A, (FIG. XXIII ) it might be ſhewn, 
tb if the Boch A wow d in uv Periphery 
A, and the Body B in the Peripher 1 ADB, 
_ and the Sum of tl the Two Bodies were t the By- 
* = B. at the Difference of the D Nabe, of the 
deuter and inner Circles, to, the Difference 
uf the. Pepe of che widdle, and im- 
Cireles. Alſo if tlie Velocities of the Bodies 
k. were to one another directly us ih Peripherie. 
| which they! deſcribe 1; 1 ſay then,- n Is 
las Corres of Bev ſhall deferibe the 
l of the middle Cirtie, vir. AEG. 
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IR if the Velocities be wbcPerinhertes 
they are alſo as any Two ſimilar Arches 
FG and DB cut off by any right Line AFD 
drawn at Pleaſure; therefore in the ſame Time 
that one Body deſcribes the Aceh BD, the o- 

ther will deſcribe the Arch F; that is, when 
one is in D, the other will be in F in the ſame 
right Line AFD. Alſo becauſe (by the Hypo- 
theſis) tis AB: B:: BG : GC, by diviſion tis 
A: B:: BC: GC. But (from the Nature of the 
Circle and the Similarity of the Triangles) 'tis 

BC: GC:: DE: EF, therefore A:B:: DE: EF. 

| And 
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tete on 
| And therefore the common Center of Gravity is 


in the Point Eo of the middle Cirble. 
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TI „ Hence if the. Velocities of the Body were re- 
Incas, Proportional to their Magnitudes, 
then AB the Diameter of the outer Circle, wou'd 
be divided Harmonicaly, i in the Paints, A, G, C, 
and B, and Vice Verſa. I the Lines BE; C, 
AB, AG be in muſſcal Proportion,” then the Ve- 
Weities of the Bodies are reeiprocally propor- 


tional to their Magnitudes. Let the Velocity of 


the Body B be put V, and that of the Body A 


= = u, Then (by che Hypotheſis, of the 
rem) tis V : v:: AB: AG, for the Veloci- 
= which are as the Peripheries, are alſo as the 


Diameters. But (becauſe of the common Center ; { 
of Gravity) tis A: B:: BC: GC. Therefore if 
it be V: A: B, (that is, if the Magnittides 


of the Bodies are reci procally as their Veloci- 
ties) then it follows, that AB: A:: BC G, 
and conſequently ABXGC=AG=BG,, which is 
the Property of a Line cut in muſical proporti- 


on. The Line AB therefore will be An 
mum 
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Soppofing ol a in Theor. 4. I/, 1 Two 
Bodies moving uniformly in Circles, the 


Sum of their Motions is the ſame, as if 


both were carried with the Velocity f the 
common C enter of Grev#hy. 


Hile the Bodies B 00 A(FIG. XXIII.) 

Setting out from the Points B and G, 
deſcribe the Arches BD and GF; the common 
Center of Gravity deſcribes the Arch CE, as 
has been already demonſtrated. 2 Sum of the 
Motions of both therefore, carri 


their own Velocities, is B BDA»FG; and 
the Sum of the Motions, it. both were carxied 


with the Velocity of the common Center of 


Gravity, wowd AEC NB EC. Now I ſay, 

that AXEC++BXEC= B+ BD AG. For (from 
the Nature of the common Center of Gravity) 
*tis A: B:: BC: GC, or (becauſe BC=AB=AC, 
and GC=AC—AG) A :BriABaiAC; ACA. 


From whence AX AC-A*xAGEZBxAB—BAAC; 


and AXAC-+Bx AC=Bx AB+FAxXAG. But bs. 
cauſe the Arches DB, EC, FG are ſimilar, they 
are por portional to their reſpective * 


Therefore AEC + B4 ECS = e 
2 E: D. 3 
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. Uppoſe the Curve ABE (FIC. XXIV) 
* were a Circle, whoſe Radius is AG. Let 
1 done Body he imagin'd to deſcribe ABor A in 


[99 the Ax, while the other deſcribes AB or AE in 
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If Boch moves in the Carve 1 a i Cori 
Section, whilſt another moves in the As 
of the ſame, and their Motions be adjuſted 
ſo, that while one deſeribes any Portion of 
the Curve, the other deſcribes the correſpun- 
dent Abſeiſs, their common Center. of 
©, Gravity ſhall always an one "oY 

Conick Sections. 


is 
: 


the 


T THis 7 R 
the > chens and in the Radic 20 Tet 
ſome Point as F be taken, dividing the Line 
EG, in the Ratio of the Magnitudes of the Bo- 
dies. I ſay, that an Ellipſe, whoſe Tranſverſe 
Ax is equal to the Diameter of the Circle, and 9 
whoſe Semi- conjugate is equal to Fd (that ii.. 
ſuppoſing EGA a Right Angle) ſhall be the Path 
deſcrib'd by the common Center of Gravity. 
For, conceive an Ellipſe paſſing thro* the Points 
A, E, H; and draw the Ordinate BC, ce, &c. 
cutting an Ellipſe in D, a, c. Then (from 
the Nature of the Circle EGSSAG*GH, and 
BCA ACX CH. And from the Nature of the 
Ellipſe, FG1 : DCA: : AGxGH : AC CH. From 
whence EGA: FG1:: BCA: DCA; and EG: FG:: 
BC: DC, and (by Diviſion) EF: EG:: BD: 
DC, and ſo: the Curve of the Ellipſe will divide 
all the Ordinates of the Circle in the ſame 
ſtanding Ratis of EF to FG. Therefore if EF: 
FG: : as the Body in G: to the Body in E, then 
their common Center of Gravity will be in F; 
and when the Bodies are in B and C, 2twill be 
in D; when they are in c and e, twill be in 2. 
Therefore the common Center of Gravity will 
deſcribe the Curveof this Eine! N * D. ; 


; cas E u. 


If the Curve OAH were an Ellipſe, 1 
the Tranſverſe Ax AH; it might he ſne wn, 
chat the common Center of Gravity would de- 
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ſeribe another Ellipſe, as ADF, having the ſame 


Ss chat à Body moving in the Elliple AQH, 
hile another moves in the Ax; dividing the 


common Center of Gravity be in the Point O; 
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Tranſyerſe with the former. For (from the 
Nature of theſe Gurves) OF EG ::/p D: 


Semi-conjugate in the Point F, in the Nati of 
-the Magnitudes of the Bodies the common 
Oe" * cg hail: deſcribe the. Elliple 
- AFHL - A ae n 
y ot CASE. iu. r 
Tm mode one Body deſcrib'd the Circle AEH, and 

another the Ellipſe AFF ; then dividing the 
Line Ef in the Point O, in the Rat3o of the 
Magnitudes of the Bodies; it may be prova. 
ter the ſame Manner, that the common Center 
of Gravity ſhall deſcribe the Ellipſe AO H, pak 
ſing thro? the Point O, and having the ſame 
-Tranſverſe Ax AH. For it may be demon- 
ſtrated as above, that EF: FG :: BD : DC. Aud 
that OF: FG: :pD- DC. Therefore EF : OF: 
BD: D; and (by Diviſion) EO: OF: Bp: pD. 
So that if when the Bodies are in E and F, tie 
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then when they are in B and D, it ſhall be in the 
Point p. Therefore the common Center f 
Gravity ſhall deſcribe the Ellipſe AOH. 


CASE. 


ik the Curve ABE were a Parabola, whoſ 
Ax; 15 AG, and Ordinate 0, it may pe demon- 
ſtrated 


3 


W Try 7 
ſtrated, that the common Center of Gravity - 
| ſhall deſcribe another Parabola (as ADF, or 
_ ApO) having the ſame common Ax. For (from 
the Nature oh. theſe Curyes).. tis EGA: BC 
AG: AC. And Fd: DCA: AG DG, therefore 
EG1: BC1 : FG; DC, and. EG: 1 
DC, and alternately EG; EG:: BC: DG, and 
(by Diviſion,) EF: FG: : BD: DC, and ſo tis 
every where. Conſequently if EG be divided 
in F in the Ratio of the Magnitudes of the Bo- 
dies, the common Center of Gravity ſhall.de- 
| ſcribe the Parabola AD, or (which is all one) 


if upon the Ax A and wich a Parameter 


ED we deſcribe a 'Parabola, this dee | 


the Path of 5.59 common Center of mig. 
4 . 27 


In like manger it might 3 has if tho 
Three Curves ARE, Ap O, Ar were Bara» 
bola's ; the Bodies deſcribing/tbe.outer and the 
inner Parabola's, the common Center of Gravis 
ty wou'd deſcribe the middle one, vi AO 
that is, ſuppoſing their Motions tobe adjuſted 
as was mention'd in the Theorem and the inter- 
val EF to be divided in the Point O, in the Re» 
tio of the Magnitudes. For (in theſe Curves 
alſo) EO: OF :; BY: PP. 
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And, WY If the Curve. ABE were "Is | 
Equilateral Hyperbola, having the Tranſverſe 
AL, and Ordinate EG; it may be demonſtrated, 
that the common Ster of Gravity ſhall de- 
ſcribe another (but not an Equilateral) Hyper- 
bola, having the ſame Tranſverſe AL with the 
former; or, which is all one, that ſuch on Hy- 
perbola as this ſhall be the Track of the com- 
mon Center of Gravity, as the Bodies move 
one in the Curve, and the other in the Ax, ac- 
cording to the Intent of the Theorem. For in 
the Equilateral Hyperbola EG4 =LGxAG, and 
BC4=LCXAC; and in the other Hyperbola 
(from the Conich Elements) tis FG1: DGA; 
LGxAG: LCXAC. So that in theſe Curves; 
alſo *twill be concluded, that EF: FG :: BD: 
DC; and from thence the Conſequence (fo of- 
ten iepented) with Reference to the common 
Center of Gravity, is plain and clear. And 
the ſame may be ſnewn here of Three Hyper- | 
bola's, as was before of Three Parahola's, or 4 
Two Ellipſes and a Circle. 1 . 

here are ſome of the Mechanick Curves, in 
which I cou'd apply this Matter yet farther; 
but 1 muſt obſerve juſt rl aud * Tis now 
time) leave this Subject. 15 
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1 is evident from theſe ſeveral Caſes, that 
the common Center of Gravity deſeribes 
4 Conick Section of the ſame Family with that 
which the Bodies themſelves deſcribe; if at 
leaſt (as to the firſt Caſe) one may be allow 'd 
to make the Circle and Ellipſe akin to one ano- 


ther; and ſay, that a Circle Is an Ellipfis, whoſe 
Tranſverſe and Parameter" are hs td to one e 
another. w 


15 S to ba gene- 
ral Lam of . Motion. 


T be Mitions of Bodies Included in any gives 

Space) are the ſame with reſpect to one 

| another, whether that Space be at Reft, or 
whether i it moves uniformly i in 4 Right Line, | 
wit hout any circular Mot ians. e 


: we 
\ 


HIS is eaſily demonſtrated from che Se⸗ 
cond Corollary to the General Laws of Mo- 


SAIL 


1 thence, about the relative Velocity being 
eyer proportional to the Magnitude oY the 
Stroke. If the relative Velocities continue e- 
ver the "ſame as they do, whether the Space, in 
which they are contain'd, moves, or is at reſt) 
then the Magnitudes of the Strokes which the 
Bodies. make upon one another, are the ſame 
1 3 ſtill 
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"ft cee to Ow" ral 
N Laws of Mation. 


F Bodies are nod any bow amongſt them. 
ſelves, and are ag by equal accelerating 
Forces, that act with parallel Directions, 
their Motions will proceed in all Reſpetts, as 
if they were not influenc d at all oy thoſe a- 
" celerating * Forces, I 


1 thoſe Votces aQting equally(with reſpet ll 
to the Quantities-of the Bodies to be mo- 

ved) and in parallel Directions alſo; they will | 
(by; the Second general Law of Motion), as to the 
Point of Velocity, equally move'the ſeveral 
Bodies, and conſequently | never. alter Their 
Motions and Polit tions with R to one a. 


_ 


ther. enen i £1 58 
Having thus endeavour'd to —_- 
- plications of thoſe moſt uſeful and hope 
five Laws of Nature laid down by the Grearand 
Iluſtriou Author; I ſhall go on to h Dottrine of 
Centripetal Rivers, and explain ſome of the 
wonderful Theorems he bas diſcover” d/ ripon | 
"that Head. a 1 
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Centripetal Foras is that, by which 8 Body, is 
e- or impelPd, or by any other Means 
wſpever )* made” to A to 4 tertain 


_ 


9110 18 
int, Ca a Center. 5 
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which a Body tends to the Center of 
the Earth; the Magnetick Force by 
which a Body tends to the Center of the Load- 
ſtone; and that Force (whatever it be) by which 
the Planets are continually with- held from going 
on in Right Lines, and forced to move in Curves, 
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The abſolute Quantity of (the C entripetal 
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DzriN ITI ON II. 


Farce, is the Meaſure of it, greater or 


in Proportion to the- Effie of 400% 


propagating it « Centro ad — 
tiam. 


25 


Mus in one wattradtive Body, the Powet of 

Attraction is ſtronger and greater than 
in another. The Magnetick Vertue is more 
vigorous and forcible in one Load-ſtone, than 
in another. And (in the greater Syſtems-of 
Matter) that Force, by which the ſame Bodies, 
at the ſame Diſtance from the Centers of the 
Planets, is urged towards them, is ſtronger in 
one Planet than another. Thus (as we ſhall ſee 
afterwards) the Weight of the ſame Body at 
any Diſtance from the Center of the Sun ig 
greater than its Weight at the ſame Diſtance 
from the Center of Jupiter; and this greater 
than that, at the ſame Diſtance from the 
ter of Saturn; and this greater than that, at 
the ſame Diſtance from the nee 9 
Karth. | 
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The acceler ating Quantity of * Vis Centri- 
peta, is the Meaſure of it, with reſpect tu ih 
Eren which it gener ates in A giuen Time. . 

9 8 | M32, 8 16711 } WAL 

TY. gr. The Verte of the ſathe Magnet is 
greater at a leſs Diſtance, and leſs at a 
greater Diſtance. The gravitating Force of 
Bodies, is greater in the Valleys and depreſs'd 
Places of the Earth, than upon the Tops of high 
Hills and Mountains; and is yet greater in theſe 
elevated , Places, upon the Surface, than at 
greater Diſtances from it. But in equal Dir 
ſtances from the Earth, tis every, where the 
ſame; for all deſcending Bodies, be they 
more heavy or light, greater or ſmaller, a- 
bating the Reſiſtance of the Air, are equally 
accelerated. The manifold Experiments made 
upon Pendulums have ſufficieatly, proy'd theſe a 
Things to be true in fac. 2 
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Tube Quantitas Motrix of. the Centriputal 
Force, il the Meaſure of- dit, proportional to 
the Motion warp it r a in amp gi- 
ven Time, N __ ”— {7 006 geq 


Ueki mom or greater. Weight ina — 


Body, anda.Je(s in a lefs Body; and Wet 
Weight 
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Body near the Earth, and 


is the Centripetentia, or Propenſion of a Body 


towards a Center, or (as one may properly e- 
nough ſay) the Pondys of it; and tis always, 


known (that is, the Magnitude of it is mea- 
ſured or found) by that of an equal and contra 
ry Force, ſuch as-is ſufficient to hinder uy horn 
N Body. ** n ENS 


1 e 


n Quantities of the Celribglf Force 
Mr. Newton calls by theſe Names, and, for Di- 
ſtinctions ſake, conſiders them as referring to 
Bodies, to the Places of Bodies, and to à Cen- 


ter of Forces. "Namely, the n Matrix te. 


lates to Bodies themſelves; as the Endeavoiif 
and Propenſion of the whole (compounded of 
the Propenſions of all the Parts) towards a Cen- 
ter. The Vi Accelerarrix reſpects "the Place 
of a Body, as a certain Force or Efficacy (ro- 
pagated from a Center, and diffuſed, thro? all 
the circumjacent Regions) to move Bodies that 
are in'thdſe Places The V Abjolurz reſpeds 
the Center it ſelf, as ſome way or other a Cauſe, 
without which the Vires Motrices are not pro- 
pagated thro the Regions about it. What the 
Cauſe and Origin of Centripetal Force is, is not 
neceſſary to be deterthin'd heres xis ſuſſicient 
that there is ſuch a Tias in Fact. As fr Mat- 


ters 


*Þ n 
ee pure Phyſical Conſideration (ſuchras ate 
the Cauſes and Subjects of theſe Forces) *twas 
Foreign to our Author's Purpoſe and Defgt'bo 
enter upon any Diſcuſſion of them in this Place. 
But here we may take Notice of an uſeful Com- 
pariſon between the Vi Acceleratrix, and wut 
we call Velocity. For the V Aceeltratyiz beats 


the ſame Relation to the , Motrit, that 


velocity does to Motion; and as the Quantity 
of Motion ariſes from the Multiplication of the 
velocity into the Quantity of Makter, ſo dees 
the i., Morrix from the Multiplieation of -the 
V Acceleratrix into the Quantity of Matter. 
For the Sum of the Actions of the Vi Acvelt- 
ratriæ upon all the Farticles of a Body, is the 
Vi- Motriæ of the whole; as the Sum of the 
Moment a, ariſing from the Multiplication of the 
Velocity into all the Particles of a Body; is the 
compleat Momentum, or Quantity of Motionibf 
« the whole: S0 that, as in Bodies of different 
Magnitudes, when the Velocity is the ſame in 
all of them; the Quantities of Motion are pro- 
portional to the Magaitudes or Bulks; ſo in 
all Bodies, when the * the 
ſame (that is, near the Surface of the Rarth) 
the Gravitas Motriꝝʒ or the Pond, is propor- 
tional to the Quantities of Matter, that is (in 
Homogeneal Bodies) to the Magnitudes of them. 
- Bat then, aſcenduig- higher into the Regions 
where the accelerating Gravity is leſs, the 
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Pond of the Body i is leſſen d in proportion to 
that, even as the Momentum or Gravity af Mo- 
tion in a Body is faid to be leſs, in proportion to 
the Diminution of the Velocity with which it 
moves. But univerſally, as in one Caſe the 
Moment a are as the Velocities multiplied into 

the Quantities of Matter; ſo in the other, the 
Vires or Gravitates Motrices, or Pandera are as 
the accelerating Gravities into the Quantities of 
Matter. Thus if the accelerating Gravity in the 
Region Bbe twice leſs than it was in the Region 
As, then the Pondus of the ſame Body Ai ſhall be 
in the Region B, but half what it was in the Re- 


gion A; but if the Body N be twice or thrice 


leſs than the Body ½, then the Weight of N 
will be 4 or 6 times _y in the wh e B, Hae 
Was in 4. ' 

\ Suppoſe G= the ane Gravity of the 
Body Min the Region A, and, the Quantity 
denoting either an Integer or a Fraction, G 
ſhall expreſs the acclerating Gravity of Min 

the Region B, according as it is greater or leſs 
there then in the Region A. And becauſe the 
acclerating Gravities of all Bodies in the fame 
Places or at the ſame diſtances, are equal; 
therefore theſe Quantities G and Gp ſhall expreſs 


the acclerating Gravities of the Body N, Poſited 


at the ſame Diſtances, in the Regions A and B, 

with the Body M. Therefore MG is the Pox- 
a of the Body M in the Region A, and Nr 
1s 


Crs). 
is ; the Ponds of the Body N in che Region B, uni- 
verſally. Now Suppoſe M: N:: 2: 1. and AK =15> 
then MG: N*Gp:: MG: : M; G:: 1:1 to 
that the Pondus of Min the Region A 1s OE 
ple the Ponds of N (a Body half as big) in the 
Region B, where the accelerating Gravity is: 
of that in the Region A. Suppoſe M: N:: 3:1. 
then MG: NX G:: M.: MX G:: 1: 3, in 
which Caſe the Weight of N in the Region B, 
is 6 times leſs than that of M in the Region A; 


and the like in other Caſes. 
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Prop. I. Theor. I. 


| The Area's which revolving Bodies deſeirhe 


(by Rays drawn to an immovable Center of 
Force) do lie in immovable Planes, and are 
proportionabce to the Times in which they 
are deſerib'd. |; 


ET SABCDEES be (FIG. I.) any Polygon, 

IL and the Lines AS, BS, & c. drawn to the fix d 
Point S. Produce the ſides AB, BC, CD, DE, EF to 
the the Point c, d, e, , in ſuch a Manner that 
AB may Bc, BC Cad, CD De, DE=EF. From 
the Point C draw CR to cut Bs in R, and let it 
be parallel to c B, and Cc parallel to BS; ſo 
likewiſe draw Dd parallel to SC, and Ee to 
SD, and Ff to SE. The Triangles SBC, 88. 
are equal being upon the fame Baſe SB, and be- 
tween 


* 


0 


| L 12770 
emepn the ſams FaraVel's umd c. Al@Lges 


pts ASB=BSC. <oinlike manner twill 


be prov'd, that the Triangle CSD is SA be- 


ing upon the ſame Baſe CS, and between the 
ſame Parallel's CS, D d; but becauſe BC Cad, 


and conſequently ASB=CS$D ; and by the ſame 
way of arguing we ſhall conclude all the Tri- 
angles of the Polygon to be equal to one another, 
viz, ASB=BSC=CSD=DSE=ESF, &c. Now 


I ſhall demonſtrate that in equal Times, a Body | 


(urg'd by a centripetal Force tending to the Cen- 
ter S) will deſcribe theſe equal Area t. For let 


T expreſs any Portionof Time divided into {e- 


veral equal Partsexpreſ9d by A. B. C. D. E. &. 


and let us imagine a Body plac'd in the Line AB 


at the Point A, and to be carried by ſuch a Forge 

t bat in the firſt part of time A.it.wou'ddeſcribe 
the Line AB. It's plain (by the firſt Law of 
Motion) that if the Body were not otherwiſe 
hinder'd in the 2d part of Time B, it wou'd de- 
ſcribe the Line Bc=AB, and ſo the Area's ASB, 
BS c wou'd be equal. But when it is come to 
the Point B imagine the centripetal Force to 
exert it ſelf and begin to cauſe the Body to tend 
towards the Centers (which we will ſuppoſe 
to be the Center of Forces) and let this centri- 
petal Force be ſuch, that if the Body were en- 
firely ated by that, it wou'd make it deſcribe 
| the 


the Triangle BSC=CS 4, therefore BSC=CSD, 
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if the Lines AB, BC, CD, &c. the Caſes of the 


mented infinitely, the Parameter of the Poligone 
will become a Curve Line, and fo the Centripe- 
tal Force (by which the Body is drawn out of 
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the Line RB.in the Time B. Here then the Body 
at the Point Bis drawn by two Forces, the one 
its innate Force whoſe Direction is from B to c, 
the other the Centripetal, whoſe Direction is 
from B to R. Therefore (by Carol. l. of the 
Laws of Mot ion) the Body will move in the 
Line BC the Diagonal of the Parallelogram 
RBC e; and at the end of the Time B it will be 
found in the Point C, ever in the ſame Plane with 
the Triangle ASB. In like manner in the 3d 
part of Time C the Body will deſcribe the Line 
D the Diagonal of the Parallelogram of which 
the Triangle CD4 is the ': And in the 4th part 
of Time *twill deſcribe the Diagonal DE, and 
ſo of the reſt : So that by the Conjunction of 
theſe two Forces it will deſcribe the Periphery 
of the Poligone ABCDEF. Now the Triangles 
ASB, BSC, CSD, &<c.- were proved to be equal; 
but they are deſcrib'd in the equal times A, B, 
C, &c. therefore equal Area's are deſcribe in e- 
qual Times; and conſequently Time A: Time 
AA Area ASB: ; hee AB BST, and 


Time A: Time AFB+C : Area ASB: Area 


ASB+BSC+BSD, and ry on; that, is the Ares 
deſcrib'd are as the Times of Delerintion Now 


Triangles be diminiſh'd, and their Number aug- 


the 
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| the Tangents) will act inceſſantly, and without 

Intermiſſion. And any Area's deſcrib'd {which 

in the former Caſe were ſhewn to be proporti- 

onal to the Times of Deſcription) will ſtill 

continue proportional to the ſame Time in this 
Caſe alſo. Q:E: D. * 


Con. l. 


In Mediums where a Body meets with no Re- 
ſiſtance, if the Area's are not proportional to 
the Times, the Forces do not tend to the com- 
mon Concourſe of the Rays. I ſay, in non- reſiſting 
Mediums: For in Mediums where a Body meets 
with Reſiſtance, and ſo is any way hinder'd in its 
Motion, the Area's may poſſibly not be propor- 
tional to the Times, and yet, the Forces may 
tend to the common Concourſe of the Rays. 
Ex. gr. Suppoſe in (FIG. 1.) the Body to have 
deſcrib'd the Line ABin the Timer, and where- 
as (if not otherwiſe hinder'd) it wou'd deſcribe 
Be Ah in the next equal Portion of Time, ima- 
gine it to meet with ſome Reſiſtance, ſo as to 
deſcribe no more than Ba in the ſame Time; 
then the Triangle SB ASB will be leſs than 
SBA; ſo that the centripetal Force acting as 
before”! in the Caſe where we ſuppos d no Reſi- 
ſtance, the Area's will not now be proportional 
to the Times, and yet the Forces tend to the 
Foint 8 the common luterſection of the Rays. 
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IX all. ee if the Descriptio 

ofthe. Area's be accelerated ( that is, if a an equal 
Ares be deſcrib di la leſs Portion of Time, Ora 
greater Ares i in an equal Time) then the Forces 
go not tend to the common Concourſe of the 
Baus, but decline from thence in Conſequentis 
(that is, to the Far Werds which theBody js 
mavigg trie tate n 03 244>njv 
nr CE. II.) AB being Be, the; Area 
ABB gg c taken ahogt the ame Point | 8, will ever 
-be:equal-)., But if e. took a Foint as P between 
Gand ; che greg ASB wou'd be greater than 
their ie BY c. On the other Hand, if We take 
Point as QoRothe, other Side of, 8, the A 
BQeX3ll: be Gscater than ASB,.., Thereforoit 


295 | y when 


4 * 
22H 59 


* * 


10 


2 bes: — 
when in the firſt * Time tha. Hat ASB 
was deſcrib d, in the 2d Time. 4 greater Ates, 
as BQ. (=BQ&) de deſcrih d tis certain, chat 
the centripetal Force muſt ha vdH d itha li- 
rection, as LC parallel to Be that is, that 
the Forces now tend to the Point Q The ſame 
may be ſhewa for any other Point taken in tile 
ſame Right Line beyond V ift the Direction of 
the Areas be accelerated, the Tendency of the 
Forces will oy be in Conſequentiaucl? 511 M] 
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Every Body moving in u Carve, dnl (by Ris 


daun to a certain Point, e 12 e able 
043135 1 : 


r going 0 nf ain In of r Ling 
tion) deſer; ibing Area's jabouy, that Paint 
Proporta e the Times, is ranged by 1 
Centripetal Force tending 1 to that ſame Point. 
(Sec FIG. ES 79 

; YES: ben oi + 5 L*. Rog £77. 
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OR — is at- 
o ried out of its Right Line Courſe by ſome 
9 — upon it, by the firſt Zam of Mettoh. 
And that Force by Which the Body is made: to 
deflect from its Rectiline Cburſe, and te de. 
Feribe the little equal Triangles SAB, SBT, 
SCB, in equal” Times, abut” the 3nfnovite 


Pots. muſt att in the Point B witha Di- 
"PI K 2 4 rection 
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e to the Line Ce, by the Second 
Law of Motion That is, it acts with the Di- 
rection BS. So in the Point C it acts according 


formly in a Right-line Direction; *tis all one 


c $32.) 


to a Line parallel to Dd, that is, by the Line 
CS, for the fame Reaſon : And ſo tis every 
where. Therefore it always acts according to 


Lanes that tend to the immovable Point n 


048 II. 


If the Plane in which the Body deſcribes a 
Curvilineal Figure(and conſequently the Center 
or Point to which the Forces tead) moves uni- 


as to the Effet (by Corel. 4. to the general 


Laws of Motion) whether it does ſo, carrying 
the Body and All along withit, or whether it be 
abſolutely at reſt. So that either way the 
Truth of the Propoſition is manifeſt. Q. E. D. 


SCHOL 1 


_ *Tis poſſible that a Body may be urg'd by a 
Centripetal Forte, compounded of ſeveral o- 
ther Forces; about which Compoſition of Forees 


we have ſpoke ſufficiently already in the firſt 
Pages of this Book. Now always in ſuch Caſes 
as this, the Senſe of the foregoing Theorem, is, 


that the Force which is compounded of all the 


reſt, is that which tends to the Center. Ex. r. 
Suppoſe in FIG. II. Pag. 7. where the Force 


ine with the * CB is ue un to be 
- £qui- 


8 


4 1370 ; : 
equivalent to the Forces acting with the Di- 
rections CD, CE, CF. We are to conceive 
the t Force, whoſe Direction is C 
to tend to the Ceater; ſo that the Center of the 
Forces, where all the Rays meet, is ſomewhere: | 
or other in the Line CB (produced at leaſt. 9 
Tis further to be noted, that if there 5 
any Force that acts with a Direction perpen- 
dicular to the Superficies deſcribd by the Body, 
that this Force may be altogether left out of 
the Account of the Compoſition of the Forces. 
For tho? it makes the Body to decline from the 
Plane of its Motion, yet it tends no way to 
alter the Magaitude of the Surface deſcrib'd, 
neither as to the encreaſing or ane of 1 It $5 
and may therefore be neglected. 


TAE Ox. III. 


Every Body (whith by 4 Ray 4 fro th * *Y 
Center of another Body (howſoever Fey ZN 
deſcribes Area's 4 that Center propor- 

tional to the Times) is arged with 4 Force | 

compounded of the Centripetal Force tend- 4 

ing to that other Body, and of all the acce- 

llerating Force with which hat other rn 
2 3 „ 

ET the Body M deſcribe eb propor- & "4 

tional to the Times, about the Center af 

the Body N; and let the Body N be urged with = 

K 3 a1 


F- © "SFB : * 9 . , 

F "YE r 
Y * 

- "= — 


— 


2 
22 Px 
4 


„ * * green 
— 2 — * 


, : 2 = 2 4 i 
3 
1 A * 
| +- 


- — 
* 
. . 
P 


* 
— 
A ron 7 * = 
3 BT ———__ 4 
4 * * . 


DW 2. 206 + al WS 
—_— 248 > ok Tae * — 3 2 ˙ —-— an 
* — 
R - 22 — =_— 3% 
4 - 


* N 2 
1 — 7 - 
\ 2 — 3 * * 
2 Enron 
e ** 52S . 
S + ot 2 7 1 1 . - 


= BE br 


— 


ELEC”: 
WR „ 
- 4-4 AT 
» 03 5 
IE 


-# 
* 


: 
: {Ss 1 SS 
"Ea $8 7s —- #7 : 


- 


add Es EIT IE 4 "3 
0 ome TS SERTS 
= l 3 3 * 2 2 

: * 


"4 
K 


Y 
* 
EF 


— C s. 
1 


* 


: "T9 714 31 1 
an tain, Force, aS A. Suppoſe now- 
both Bodies to he drawn. ina parallel Direction 
by a ne Nforce equal and comłaty to the for. 


mer, hid put -A. Then, not withſtund 
ing, thechody M will defcribe' Area propor- 


tional to the Times, as it. did before the Action 
of this ne Force, with reſpoct to Nzi (by 
Cor. e toghe hans of Ndpt iun ʒ) but the Forge 
A uyühdeſtroy the Foro h in che Body N 
(Which wall now therefore either quieſce, or 
move uniformly in a Right Line (by che firſt 
Law gf ation?) But àlſd betauſe the Body 
Mis influenced by this new Force A theres 
fore the Force by which it at (firſt tended to 


the Body N. being calFd C, the Force by which 


it is now urged ſhall C A; which Force 
(by Theor. II.) ſhall ſtill tend to the Center of 
the Body N, . becauſe we have ſhewn, that the 


Area with reſpect to dab Center, are ſtill 
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| Hence if one 3 Ray drawn to. 
another, deſcribes Areas proportional to the 
Times; and if from the whole Force (whether 
a ſimple or compounded one) with which 2 
former Body is urged, we ſubſtract the Wh 
accelerating Force with which the latter 
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is urged; all the remaining Force b Which 


2 
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Dry 1 


the former Body is urged vill end to the lMter 
Body as its Center This plain from at 


Demonſtrat ion; forthe-refiting Forcei$9%= | 
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nearly proportional to the Times, 
728 will not 
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dy deſcribes Areas, which compar*dawittthe 
Times, are very unequal ;: and that other Body 

is either quieſcent, or moves uniform in a 
Right! Line: Then, either there is nd Action 


of the Centripetal Farce tendling to that other 
Body as its Center, or elſe its mix'd and com- 


pounded. with ſome very ſtrong! Attiots of d- 


ther Fortes: And the wholeForce(tomporinded 


of all, if there are many) is directed to another 
Center, either a movable or an immovable one, 
about which the Deſcription of the Area is 
equable and regular- And the ſame holds, 
when that other Body is moved even with any 


fort of Motion; provided the Centripetal 
Forge (that which we here ſay is directed to 
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i 8588 be taken for t the he Remainder, 
Aſter the Subſtration (of the whole accelery- 
ting Force that acts upon the latter Body) 
from the real Centripetal Force of the former 
Body. 

The Reaſon of all which is eaſily deducible 
from the Second Theorem (foregoing) in Con- 
junction with this Third. For where the Area's 
deſcrib'd are proportional to the Times, there 
the Action of the Centripetal Force tends to a 
Center, that is, either quieſcent or moves uni- 
formly in a Right Line: This is plain from 
Theor. Il, Therefore if that Center be either 
quieſcent, or moves uniformly in a Right Line; 
and the Area's deſcrib'd be not proportional to 
the Times, tis a ſure Proof that either the 
Action of the Centripetal Force does not tend 
to that Center at all, or elſe that *tis confound- 
ed and diſturb'd by the powerful Actions of 
other Forces. And if according to the Tenour 
of Theor. III. che Center jv — 
ther Body, the Reaſon of th Feels OT 
_ be RN DI and manifeſt, * 
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Lat 4B be avy Arch of «Carve, FIG: 1m 
"the Right Line AB its Sabtenſs," and AD 
its Tangent equal and parallel to the Ordi- 
nate CB. When the Points A and D come 
infinitely near together, the Arch AB, the 
, Sabtenſe AB and the Tagen AD vill be 
equal tg aue another; or in the Newtonean 
Style, the luſt Ratioof the Arch, the Chord 
and Tangent will he 4 Ratio of Equality. 
Each one of theſe Lines therefore may be uſed 
or taken for the other in all, Argamentatious 
about ultimate Ratio's ; that is, when theſe 
" Quaptities are conſider u as  vaniſbing apon 
the infinitely near Approach of the Lagh A 
and B together. 
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4 bp Per pendiculs 
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Dt ad 
coincident with the Arch A, and the C cbt 


coincident with the Arch 23 therefore 2K 5 * 


is = A and A is as x, likewiſe 27x = aa, and 
14 is as & ſo that the Subtenſes of the Angles 


of Contact gre as the Squares of their oonter- 
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We have wv here EM ab and os 


(the Subtenſes of the evaneſcent Angles o 


Contact) as PerPendiculays to the Tangent AD; 


but it will be the ſame thing if we ſuppoſe 


them do be inclindd, for Yet AD nd BD make 
any glvem Angle, Ther ebe Wine Bev of 
BD to h will be the fam us before, and con- 
ſequent lj the ſame with that of AB¶J tn ty ; 


If the Angle D be nor given yet thewdngles 


D, d will always converge to, and come nearer 


an Equulityʒ than by any Diſſerente aſſig 50 


and conſequently will: at la be equal; 
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* Imagine the Bodies to deſtriberh the Aid 4 
1 in the ſame time, and let CD, && bt 
drawn parallel to 8B, that-is, perpendicular 
to the reſpective Tangents BC, i. Now ſince 
tis by the Centripetal Forces that the Bodies 
are drawn out of the Tangents; into the Cir- 
cumferences, tis plain that thoſe Lineole:CD, cd 
(conſider d not as of any finite Length) will re- 
preſent the Centripetal Forces: For they are 
the genuine Effects of thoſe Forces, produced 
in the ſame time, and therefore are propor- 
tional to them. Again, becauſe they are L. 
neole Naſcentes, they will not differ from others 
that tend to the Centers of the Circles, whiz 
ther the Centripetal Forces ought to be del 
ed, by the former Part of this Prop. III. 

3. Now to diſcover the Law of theſe Forces, let 
S=R.SB=r. bd A, BDA. cdx (Subtenſe of the 
Angle of Contact, in the greater Circle) CD 
(Subtenſe of the Angle of Contact) in the leſs. 
By Lem. II. we have 2 RX SAA. and 27x = 48, . 
ſo that A 4 2Rx: 27 x, conſequently X: . 
22 857 LY That is this Tazor. VIZ. The 
e eee Squares of the | 
. Arches (deſcrib'd in the ſame. Lime) divided 
by the reſpective Radii. Q: Ex I. In order to 
the Inveſtigation of the many noble Corollaries 
that flow from this Theorem, we are obliged 
* introduce theſe Symbols. G= . | 
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To determine the Space the Crtvipetal Forte 
wou d carry a Body thro*, in the ſame Time 
that it deſcribes ' any given Arch of a Cir- 
cle, in which "th Japper's ro move . 
| Jormh. 


| 2 3 
Magine ts Body at thee Point 5 e, V.) 
to be acted entirely by the Centripetal 
> and ſo drawa on by it in the Diameter 
BQ towards the Center $. Now, if this Force 
be ſupposd to remain ſtill the ſame, without 
any manner of Alteration, and to act upon the 
Body by continual repeated Impul ſes; then the 
Body will be carry'd by it after the ſame man- 
ner, and according to the ſame Law, that it 
wouꝰ'd be by the Force of Gravity. And there- 
fore the Body (thus acted upon by the Cent ripetal 
Force) wou'd deſcribe Spaces in the Duplicate 
Ratio of the Times : For that is the Law of Gra- 

viry (by Theor. II. Galil. Dial. III.) | 

This premis'd; Let the infinitely ſmall 
Arch BD = a, and the Particle of Time tis 
deſcribd in be put t; alſo let the given 
Arch (intended in the Problem, be BE) = A, 
and the Time ?tis deſcrib'd in be T. Then 
becauſe the Motion in the Circle is ſuppos d 

r tis t: T:: 4: A, ande: T:: at. 
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therefore 5. But! it was ſhewn 


| before, that the Spaces which the Body 
| (ated by the Cenxtipetal Force) deſcribes, 


are as the Squares of the Times; and __ | 
fore thoſe . are as the Quantities f Os , nd 


A 
5 
i deſcriba, we Centripetal Force carries the 
Body through the little Space © = * by Art l. 


E IV.) chovefore in the 2 Ti while the 
Arch A is deſcrib'd, it wou'd (if the Body 


But! in the Time t, while the little Arch⸗ 


were ſolely acted by it) carry it throꝰ the Space 
8. 


From whence ariſes this THz OR. That 
in what Time a Body revolving i in a circle de- 


ſeribes any given Arch BE, in the ſame Time, 
if it were carried by the Centripetal Force in a a 
e e —— it wou'd deſcribe a Space 
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bodies geſeribing Uifferent Grcles with __ 
ble Motions ; the Spaces (they wowd' be car- 
ried thro by the Centripetal Forces in thoſe 
Circles, in the ſame Time) are directly propor- 
tional to the Centripetal Forces themſelves. 
Ex. gr. Let D. d. be the Diameters of TWO Cir- 
cles, having their Center common; 4. b. TW 
infinitely ſmall Arches deſcrib'd in theſe Circles 
in the ſame Particle of Time t. A. B. any Two 
Arches of a finite Length deſcribd, the one in 
one Circle, and the other in the other, in the 
ſame Time T. n from what was ſhewn be⸗ 
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the Centripetal Forces. All the other Symbols 
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A., B? 
then the Analogy; ſtands thus, viz. * 


#2% D 2 
T:**C:8** . Now, here let the Periodick 


Times de in what Ratio of the Rays We pleaſe, 
we ſhall ill fac 5 LY D., Ee. g. 
Let the periodick 


Times be equal, "that is 


; D; d (by what was 
ſhewn above at the Corellaties of Theor. Iv) 


5 D: . Again, 10 : 


N :D:4, then vill C= ON! 


D Let 1255 Pod D 7 then = Ca6t: 


wy :D, and conſequently f 5 be 4: 


A: ::D:&. And ſo mene in any 
other aon m N en Aan ah 
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From what is found in wy Problem, we 
e eafily compare Centripetal Forces with 
an other known Force, ſuch as that of Gra- 


vity Ex. gr) which ſhall be the” Buſineſs of 
the following Proviem. 
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LF pong 11. 


It fo the Proportion of the mee 
Forre to that of G. | 


JIsing the ſame Symbols: as in Prob. I. EPL 
in the Particle of Time ty while the little 
Ark BD a is deſcrib'd, (FIG. V) the Body by 
the Force of its Gravity deſcrib'd the little 
Space BP, which put =p. Then in the Time 
T, while the Arch BE=A is deſcrib'd, the 
Body will have deſcended through: ; a Space= 


TY {for ef. to the Space deſerigd 0 
une Time T, by the Law of Gravity) = BR ; 
derer Obst Ek (ince er Ti? 471 


Ja 4 of 5 


A, becauſe of the ri, Motionin the Girele) 
80 that BR'= Ot ? = the Space def rid: by 


the dravity: in the T Time T. But ia the ſme - 
Time, the W Fotde wou'd carry the 


Body thro? 3;Space-= f 5 ; (by what was ſbewn 

at Prob. L Therefore theſe Spaces wy to one 
A* BY \ 2 

_ another as 7275 pt wet is, a5 Bor as 


Dp 4". ebay the 'Force of Gra- 
Mee * "ay Centripetal Force, making the 
"OP 
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* "I 


: bY.” 
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Body to deſcribe theſe Spaces in the POR: 
Time, are one to another in the ſame Ratio: 
„ 

But becauſe the Terms 4 and 4 are e ibu 
ly ſmall, therefore to expreſs: this Proportion 
in finite Quantities, we may proceed thus, 
Let it be : T'. p:k; 'thenk Is the Space 
deſcrib'd by the deſcending Body in the Time 
* But (from the Uniform Motion in the Cir- 
cle) : T.; i; A, therefore (by Equality) : 
A*::p: kh, and's* : A: K, and conſequently 
inſtead of the Terms y and 4 putting ink and 
A, which are proportional to them; the 
en Will. be as DI: A. 50 that we 
have this Theorem, The Force of Graxity is to 
the Ceutripetal Force (of a Body revolving uni- 
i formly in a Circle) as the Rectangle under 
the Diameter of the Circle, and the Line de- 
fcrib d by 2 deſcending Body in any given 
Time, to the Square of the Arch deſcrib'd by 
7 ien . in the ſame Time. QEF. 
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When D&k=A", then thoſe Two Forbes ate 
equal; that is, when =p, 'or the Space a 


Bod deſcribes by the Force of Gravity, is e- 
qual to that it would be carried thro? * the 


Cent petal Force in the ſame; Time. 
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THEO IA. V. 
. 4 Boch revolving in the Circumference of 4 


Circle, the Centripetal an Ce e. 1 
1 orces are equal to ane aner 717 


OR while the little Ad (#1 G; v. 4 BD 
(Ex. gr.) is deſcrib'd, the Centripetal 
Force has carried the Body towards the Cen- 
ter by the Space CD. And if the Centripetal 
Force were away, the Body, inſtead of deſeri- 
bing the Arch BD, wou'd go on in the Tan- 
gent, and deſcribe in the ſame Time the Linsola 
BC (which by Lemma I. is: the little Arch BD.) 
In which Caſe it wou'd be carried off from the 
Curve of the Circle, by the Diſtance of the 
Tame Lineola CD; and this is the Eſſect of the 
Centrifugal Roos, Therefore the Centripetal 
and Centrifugal Forces producing an Eſſect of 
the ſame Magnitude in the ſame Time, are e- 
g * to one nn N "oh $25591q, Hi 
rs 651 hs 2utt a8SI8T 


FI 9 Reg oi, 78 Va "+ ol 


Al the Theorems relating to Centripetal 
Forces, which were deduced in the Corollaries 
of Theor. IV. are applicable to K 
Forces alſo. . 
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the Endeavour to recede from the Center of its 


and that greater or leſs Endeavour of receding 


of it by the meer Weight of the Body, Where 


85 
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» Mw a to the ws of the la 
Problem the Centrifugal Force ſhall he to thay 
of Gravity, as A: DR; and conſequentiy 
equal to it, when A*=Dx&.. But to explain 
here a little what I intend by the Centrifugal 
Force being equal to that of Gravity, let us 
conceive a Body revolving in a Circle to be 
held by a Thread, produced out of the Center 
of the Circle it deſcribes, ſo that by the 
Means of this Thread it keeps always exaQly in 
the Circumference of the Circle: Tis certain, 
that as the Body revolves with a greater or leſs 
Degree of Velocity, ſo the Thread that holds © 
it will be ſtretch'd more or leſs violently. For 


Con | 


Motion will be greater or leſs, as the Velocity 
with which it moves is either greater or leſs; 


will produce a greater or leſs Tenſion of the 
Thread. This ſtretching of the Thread by the 
Body, as it moves in this manner circularly,is the 
Effect of the Centrifugal Force, as that Tenſion 


It is. freely ſuſpended by the ſame, without the 
Intervention of any ſort of Motion or 1005 5 
diment, i is the compleat Effect of the For 

0 


Has; 1 * 
Gravity. And as the Degtees of. Velocity 


(with whicha Body may movecircularly)-ars— 


infinite, and conſequently there may be as mam 


Degrees of Tenſion of the Thread that de- 
tains it in its Path in that Motion; fo when 


| ſuch a Degree of Velocity is pitch'&'vpoh, "tlift 


the Tenſion of the Thread ariſing from thenee, 


is equal to that which is the Reſult of the free 
Suſpenſion; we ſay then, that the-Ceatrifugal 
Force is equal to that of Gravity, becauſe they 


both produce the ſame Effects upon the Thread; 
or whatever Proportion the Tenſions bear to 


one another, we may ſay, the Forces (the Cauſes 
of them) bear the ſame. Now, to enquire a 
little into this Matter. The revolving Body 
moving uniformly in the Circle, we will con- 
ſider the Velocity of that Motion, as ſome one 
or other of thoſe Velocities, which would be 


acquir d by it in a free perpendicular Deſcent, 


Ex. gr. in the Diameter of the Circle. Now, 


whatever Space the Body deſcribes by the Force 


of Gravity in its Deſcent, if it afterwards 
moves equably with the greateſt Velocity got- 
ten by that Deſcent, it's a known Theorem, 
That the Space deſcrib'd by the uniform Moti- 


on ſhall be double that deſcrib'd by the uni- 


formly Accelerate, in the ſame Time. Let 
the Body therefore in the Time I deſcend thro' 
the Space &, and if with the Velocity prone 

$5: | his 
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* 158 * | 
this Deſcent it afterwards moves equably in the 
Circle, and does in the ſame Time T deſcribe 
the Arch A; then ſhall A=2#. Now, let k=mD 
univerſallyz” where m denotes either * 9 


1 or a Fraktion. Then is "© = amD, and 2 D 


(the Space the Centrifugal Force would carry 
the Body thro in the Time T)=4 mmD.There- 
fore the Space deſcribed by the Centrifugal 
Force, is to that deſcribed by the Gravity in 
the ame Time T, as 4mm D: M D; that is, as 
4m: 1, and conſequently theſe Forces are in the 
fame Ratio. Hence in particular Caſes the Pro- 
Portion of the Forces is eaſily known. Ex. gr. 
If mA, then 4 m=1, and ſo the Centrifugal 
Force in that Caſe is equal to the Gravity, If 

mi then 4 ma, and fo the Proportion f 
the Forces is as 2. 1. If m, then the Pro- 
portion is as 3. 1. If m=1, then tis as 4.1. 
and in like manner for any other ſort of Suppo- 
ſition. The Senſe of all which may be ex- 
preſs'd in this Theorem, That if a Body revolves 

in a Circle, with a Velocity equal to that ac- WW 

.quir'd by a Deſcent thro? a Space, that is to the 
Diameter of the Circle, as n to Unity; that 

then the Centrifugal Force ſhall be to that 4 
d as n to N | 
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| Having hinted a.certain Mechanick Theorems 
before concerning the Proportion of che Spaces = 
deſcrib'd by an equable and an uniformly acce+ 
lerated Motion, in the ſame Time, I think it = 
not improper to ſubjoin a ſhort Illuſtration of it. | 
Let the Quantity x expreſs Time, y Velocity, 
the greateſt Time 4, the greateſt Velocity bz 
the Two former Quantities being flowing 
ones, and the latter ſtanding. From the Na- 
ture of the uniformly acclerate Motion, te 
Velocitiesare proportional tothe Times. There- | 


fore x: y::1d: b, and «=, and 5 
Alſo in all Motions whatſoever, the Spaces de- 
ſcribed are as the Rectangles under the Veloci- 
ties and the Times. Therefore the Fluxion 
of the Space for the accelerate Motion, is 
vr, and that for the equable Motion is = bs . 
But the Fluent of bx is = bx=bd, and the Fu- 


1 

9 

= 
p 


ent of yx == is = 3 . There- | 
fore the Space deſcrib'd by the equable Motion 
in the Time 4 with the ſtanding Velocity b, is 
double the Space deſcrib'd by the uniformly 
Accelerate, in the ſame Time 4, with a flowing 
Velocity, the greateſt of which is equal to b 
(the 9 of the uniform Motion.) And 
; | From 


FF FT. „ re \ [WY 


g 

RE SD 8 

+ ES = 3 
9 


„ 
3 


—— — 
5 * rA ; SU 1 
5 1 S= Y 7%, © 
4 2 * — — 8 2 2 5-4 » _ 
. , g 9. * a" 2 ho. oe, — 2 _— 8232 
2 2 on I ” wa 4 r 5 '* * a * 
es or © ne + * 4 WY .* 5 21 IN * : 5, of . 1 e Jo 
85 = 3 Ix * LE 1 : WF Fs AP > FS ar HE 9 5 7% P By 
f , } ” J p- 4 » > 7 "of -SF * 7 2 7 — 
; - * Hoy» ' — 0 * "I —— „ — 4 — 8 Ip, — „ 7 - \ 
8 » : * * al > -- 2 * . * * g 1 * 3 — $ 1 
7 - 2 : * 1 + 7 42 . : : 4 < "xv © 7 
at $264 "> pew} 3 DEEP SD S 
pu O ry — " a = _ - — - P * 
1 . wy * _ 


3 
© 


7 4 
3 * 
4 2 3 Ss. 
.: f 1 7 8 5 PEER 3 


8 s 52 = pe Eh gs A - 
3 . PER Lt 8 3 . * 22 5 SR ar - 
$ 3 * * oF = * = F 1 . r 2 3 4 * bi 1 * 1 3 — 7 
3 — 4 3 * V . 1 2 3 £ ** 3 
oe = 


1 © - 
1 - 
Þ 4 AN = — * 
2 7 r r 
1 3 * 2 _— ” - — 2 - 


a A 
. | : 8 LY 1 a; Py ry 
4 a 4 = * * _— * * v7 7 - g E * ZE wY * Ft — 
ee — — — ET — — — — — — 
—— — i A 
f 
. 
CI - 
F. = 
*X 


De 3 2 * 2 . I a - 
2 S—- 5 7 4 * 47 * 1 * < i 2 * 8 * * * 
>. — * = .* 1 2 2 — X - - . = 
- D 3 * | - 
_— 3 * oy - 9 — —— - go * > oy - = 
ww wn » Pr - 2 >» | —_ 4; 4 . iy > — w 5 % 


8 : - p: P. *, 
» * 4 b y.-% 
4 ; 7 Js e Va 1 8 * 3 x * 
- , y 2. % * >» * — 
1 s ? ; - Ss 


N 


. * i L vn , 
6 8 a 
1 
* 

* 1 1 7 . 

N PAN. 45 . . 
* . 0 | 
1. o j be 15 
* 2 : 
" 

k 


_ from hence to Ahora the Proportion of 8 
| Spaces, deſcrib'd by an equable Motion with 
the Velocity b, and in the Time 4, Ex. gr. and 
an uniformly accelerated one in the Time nd, 
where # Uenotes any whole or broken Num- 
ber. It is (from the Nature of uniformly acce- 
lerated Motion, in which the Spices are as the 


Squares of the Times) 4; 14. . Wd I 
_ the Space deſcribd 4 4 accelerate 
Motion in the Time "4; > Space deſcribd by 
it in the Timed being = 


—_ 


= by what was ſhewn 
before. 80 that the Pt Op required 18 


mnbd 


that of bd: * that is, of 1 125 ee 
univerſally; 3 wich may be exemplified in par: 


ticular Caſesat Liberty. 
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- Nom to apply this to he 5 PR Com- 


pariſon between the Centrifugal Force and that 
of Gravity. Let the Arch A be deſcribed by 

the Body revolving in a Circle with an — 4 
Motion, in the Time d, and the Line t de- 


lerate Motion in the Time ud; according to 
VO WC of the foregoing $ bullen Tben 


it 
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rc 161 * 5 | 'M 2 
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Da“ 


Dm "Dr 
Am D 


the go deſcrib'd by the Centrifugal Force 
in the Time d, and by the Gravity in the Time 


nd, is as — 22 


Am v. of which more general Proportion, 


that at Cr. II. is but a particular Caſe, viz. 


when t T are N or when a is —_ 
to Unity. 9 
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is N A:k:: 2: m, and A= 1 ben 
whence 5 75 (the Space described by the Centri- | 
fugal Force ia the Timed)is= * 309550 5 
(as before at Cor. Il. ) k=md, bent = 2D 


; and conſequently the Proportion of 


ud, that is as . I, 3 6 WP 
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ws. 5 E N N A. 
7 the Right . — AE (FIG. VI) « and the 


Carve AC, given in Poſition, cut one ano. 


tber in the given Angle d; and if the 


Right Lines DB, EC be ordinately apply 
to the Line AE (in another given Angle) 
meeting the Curve in the Points in B, C; 

Then ſuppoſing the Points B, C, to come to 

the Points 4, the Curvilineal Triangles 

ADB, AEC, ſhall be at laſt in the duplicate 

Ratio of their Homologons Sides. 


R drawing the Tangent AFG; upon the 
Approach of the Points B, C, to A, the 
Ratio of the Tangents AG, AF, the-Chords AC, 

AB, and the Arches AC, AB is a Ratio of E- 
quality (by Lemma I.) Therefore the Curvi- . 
lineal Triangles ADB, AEC are at laſt _ 


86 1 


dent with the Rectilineal Triangles ADB, AEG; 


but theſe being ſimilar (by the Hypotbeſss) are 
in a duplicate Ratio of their Homologous Sides 
(by the Elements ;) therefore. the Curvilineal 
ones are ſo too. 


Cor | 
It is evident, that the Spaces which a Body 
(urged by any regular Force) deſcribes, are in 
the Beginning of the Motion as the Squares of the 
Times: For if the Times be expreſsd by 


the Lines AD, AE, and the Velocities in - 


thoſe Times by BD, EC, then (from Aecha- 
nicks) the Spaces ſhall be as the Area ADB, 
AEC; that is, in the Beginning of the n 
a the ue of the Times AD, AE. 
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* 4 Body Mole (F IG. VII 5. Fran: acer- 
* tain Center 8, an deſeribes 4 Curve APN; 
then i. ZPR touches the C arve in P, and 
1 any other Points be, drawn OR; 2 
rallel to SP, and QT perpendicular to-the 
. the Centripetal Force ſhall be recipro- 
cally as the ſolid — — EY ; taking the Va- 


lue of it, not where the Points P and_Q are 
at any 1 Diſtance, but at * when they 
come tog ether, 


an & If) 
UT C for Centripetal Force, and T for 
Time. Now, in the indefinitely ſmall Fi- 
gure QRPT, the Lineola QR, being the genuine 
Effect of the Centripetal Force, will be ina gi- 
; a 


C 165 * 


ven Time proportional to the Force, (by the 
second General Lam of Motion.) But if the 
Force it ſelf were given, the Lineola QR would 
be as the Square of the Time (by the forego- 
ing Lemma) for the Force which draws the 


Body towards the Center S is a regular one, 


and the Space here intended is tot a Fimte, but 


a Naſcent Quantity; which are the Conditions 


that Lemma requires: So that to expreſs it in 
the ſhorteſt Terms; if T be given, then QR 


is as C; and if C be given, then R is as T*; 


therefore neither T nor C being given, OR is th 
the Ratio compounded of both, that is, QR is 


as Cx T. and conſequently C is as Je But 


the Time is as the Area (by Theor. I.) that is, 


T is as 1 SPx QT (= the Area SPQ.) and 2 
+ F 
SPxQT i 1S AS SP.; ſo that Ci 18 42 — WB 


SP4XOT4 

* 
dire Aly, that is ——— . Reciprocal, QED. 
"AE" 0 R, | 725 Dod 8 
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Hence if any Curve be given, and withinit 
a Point, to which (as a Center) the Ceatripetal 


Force is directed; we may find the Law of the 


Centripetal Force, which makes the Body to 
revolve in the Periphery of that Curve. ln order 
to this, we are to compute the Value of this 
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4 Boch revolving in the C ircumference of 4 
Circle, *tis requir'd to find 1 the Law of the 
Centripetal Force tending to a Given Point 
in the Circumference. 


ET P (FIG. VII.) be the Place of the 
Body in the Periphery SQPA, Q the next 
Place into which it moves, and S the Center 
to which the Forces are directed. Let PR be 
perpendicular from P to the Diameter SA, QT 
perpendicular from Q_ to SP, LQR parallel to 
SP, RP a Tangent at P meeting QT, produced 
in Z. In the Firſt place here, the Triangles 
20R, ZTP, SPA are ſimilar. That the Tri- 


angles ZR, ZTP are ſimilar is plain, becauſe 


[ 167 R 
R is parallel to the Line Sp by the Conſtru⸗ 
Aion. Again, that the Triangles ZTP, SPA. 


are ſimilar, is evident, for the Angle SPA is 
a Right one from the Nature of the Circle, 


and the Angle ZTP is a Right one by the Con- 
ſtruction; alſo ZP being a Tangent, and SP a 
Chord, cutting the Circle at P, the Point of 
Contact, the Angle ZPT is = Angle SAP. 


(ſanding upon the Arch SOP) from the Ele- 
ments. Therefore the Angle TZ PS Angle PSA, 


and conſequently the Triangles are ſimilar. 
From whence ZP: Z TI :: SAA: SPA, and 
25d: ZIA :: RPA: QA (becauſe of the propor- 
tional Section of the Sides ZP and ZT by 
the Parallel QR ;) therefore RA: QT1:; 
SA1: Spa. But RP being a Tangent, and RQL 
a Secant, cutting it in R, and the Circle in 
Q, therefore (from the Elements) RPA =the 
Rectangle QR RL, therefore the Analogy ſtands 


thus QRxRL ; QA :: SAA: SPA; from whence 
QRXRLXSP1 


-er Aud becauſe when'the 
Points Q.and P-come together, the Line RL bet 


comes=SP, 3 putting SP for RL, we 


ture W Q's Nom (by Ter. vl ) the 
mon | 
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Centripetal Force is reciprocally * T7 


and we have found the Value of QT1 in he. 
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A Boay revolving i in the C vets P a4 ( Fig. 9. 
tis requir d to find the Lam of the Centript- 
tl Force tending to 4 Point & ſo far diſtant 
that all the Lines, as PS, RS, &c. dravs 
to that Point, may be een d as parghe 


'ROM the Ender draw CA, cutting the 
a Parallels PS, RS, at Right Angles; Join 
ti Points C, P, and produce ZT to cut CPin 
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L. Here ZP is W as before, and the 
Line ZTL at Right Angles to the Parallels'PS: 
and RS. Now, the Triangles ZRQ. ZT, 


CPM are ſimilar; For ZT cutting the Paral- 


lels PS, RS at Right Angles, tis plain, that the 
Triangles ZRQ,, ZPT are ſimilar. Alſo, be- 
cauſe the Angle ZPC is a Right one, and the 
Line PT a Perpendicular from the Right An- 
gle to the Baſe ZL; therefore the Triangle 
ZPT is ſimilar to t Triangle PTL; and 
ſince the Triangle Fri. is fimilar to PMC; 
therefore ZPT and PMC are ſimilar. There. 
fore ZP1; ZIA :: CPA: PMa; but ZP1: ZIA: 
RA: QA (from the proportional Section of the 
Sides ZP and ZT by the Parallel RQ) there- 
fore RPq : QA. Hf CP4: Ma. But (from the 
Nature of the Circle RP being a Tangent, and 
RQ3I-a Secant; eutting it in the Point R, and 
the| Circle in O) Rev OROR E from whence 
_ x _ 1\'.ORAQRS PML © 
S Js A N r e bot 
when the 5 P and Q meet together, OR 
becomes = = NM; there fore e 20M | 
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for FOR, we VE Ar- e 70 5 and i {ſo the 
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general umd * "OR is equal = "Tra 
Nom, the Point 8 being at an infinite Diſtance. 
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are ſimilar, and therefore PS: OS:. QS : S 
5 : $0, Ce. Conſequentty the Rays PS, Qs, 
SL, Ov. are in the continual Geometrick Pro- 
portion. Therefore ſinoe 8p: S:: SO SIL, 
tis alſo 8 ;SP-—SQ; : SQ: SOL, that is (de- 
ſcribing the indefinitely little Arches Q, Lb, 
Oc, upon the Center S) we have 5p: Paz; 
SQ: Q or (which amounts to the ſame, let- 
50g 20 the Perpendiculars QT, LN, OM) tis 
:: SQ: MN. $0: that the 1 PT, 

* 4 1 always as their reſpective Rays SP 
and Qs, - Laſtly, . becauſe the indefinitely ſmall 
Triangtes FT, QLN, c. are always ſimilar 
(for the Angles at P and Qare equal from the 
Nature of the Curve, and thoſe at I and N are 
Right ones) therefore P: QT :: QN; LN, 
and ſo PT and QN are always proportional to 
QT and LN. But before *twas ſhewn, t 
PT and QM were always as their reſpective 
Rays SP and GS; therefore alſo the Zincolz 
QT and LN are ever ay thoſe Rays SP and.. 
I thought this little Explication of the moſt 
common Properties of the Curve, neceſſary to 
be ptemĩs:d, in order to the underſtanding out 
Great Author's Proceſs in the Invention of the = 
Law of the Centripetal Forte. Now, let tho 
indefigitely ſmall Angle PS Q be given or ſup⸗ 
poſed always of the ſame Bigneſs; then ig 
the Triangle SPR, ſince the Angle at S is al- 
ways the ame, and that at P alſo ever the fame 
(t rom 
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n the Nature of the Curve) therefore the 
Angle at R, viz. SRP, is ever the ſame. 80 
in the Triangle SQT, ſince the Angle at T js 
ever a Right one, the Angle S T ſhall always be 


the ſame. From hence therefore in the indefi- 


nitely ſmall Figure RQTP, the Angles at P, 
and R are ſtanding, and fince the Angle SOT 
was ſhewn to be ſo, then RQT, the Comple- 
ment of SQT to Ts: Right Augles, ſhall be 
of a ſtanding Magnitude too. Therefore all 
the Angles of the Figure RQTP, are of a ſtand- 
ing Magnitude, and conſequently the Species 


of the Figure it felt is ſtanding, or always gi- 


ven. Therefore the Ratio of the "I a, 


R. vie. e i ry ri Quanity, and to 
QT. QT 

K we 2 
be as 1, then (multiplying both by WP 

ſhall be always as QT. But (as was ſhewn 170 


may be always 2 as, 4, Conſequently if = 


fore). from the Nature of the Curve, QTi isas 


5Þ 3 therefore alſo * I hall be. as SP, therefore 


— (which is reciprocally as the Centri- 


petal Force) ſhall- be as SP. Therefore the 
Centripetal Force in this Curve is Reci procally 


as the Cube of the Diſtance from the Center 8. 
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| A — ee in an Elipe, "tis requird 
to find the Law of the Centripetal Force 


"of 4 Body 20 ro oY Center of that” a 
fe <6 i a: | | 1 
| 1. 

ET c « (io. x) be the Se 
of the Ellipfe ; Gp, DK conjugate Dia- 
meters; PF, Qt Perpendiculars to thoſe; Dia- 
meters; Q an ordinate Applicate to the Dia- 
meter GP; and compleat the Parallelogram 
QRP: The TI riangles Qe v, PCP are ſimilar, 
for the Angles at : and F are Aight ones by the 

Hypot he ſis; but Q being parallel to CF the 
Angle Qvr=FCP,; therefore Qt1 : Q: Pr 
Po and Qrq = SI But (from Conick 
Set.) QA; PH: CDA: Cra; therefore po 
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8 ; but it Pes theres ve have 
this Value of R Therefore in the general Ex- 
PCA, 

-o& 
we ſhall have (by ſubſtituting the Values of 
Qa and QR, but now found) this Value, vic. 


preſſſon for the Centripetal Force, viz, ———= 
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Q .,. PCA N (from 


Conicks) all Porallelogrims circumſcrib'd about 
an Ellipſe are equal-to one another; therefore 
_ CD*PF= BCXCA, and CD4xPF1= BOKXCA3, 
and ſubſtituting BCA x CAA in the Room of 
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Henceicfilors tharthe Centripetel Forck 
is greateſt at the greateſt Diſtance from the 
Center. Tis greater (Ex. gr. in the Extre- 
mity of the longer Axe, than in any other Point 
in the Curve of the Ellipſe, between _ and 
the r es ye N „„ 
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At hs Diſtances from 1 of the princi- 
pal Vertices, the Centripetal Forces are equal. 
For the Diameters or Diſtances from the Cen- 


ter ene the Elſe: are ſo i in 
this Caſe. 2185 NN E ie > 905 T 173 
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Any Two equal inci baing wh . 
one of one Side the principal Vertex, and the ; 
other of the other Side; the Con jugates of theſe : 
equal Diameters being equalalſo, it's evident, 
that the Sum of the Centripetal Forces in the 
Extremities of one of theſe Diameters, and 
its Conjugate, ſhall be equal to the Sum of the 
Forces in the Extremities of the other Diame- 
ter, and its Conjugate. Ex. gr. Let A be any 
Diameter, 4 its Conjugate; B a Diameter ta- 
ken on the other Side at an equal Diſtance from 


the principal Vertex, and conſequentlyequal 
oͤ 


amm 
to A; and b its Conjugate, which is therefore 
equal to a+ LetF = the Centripetal Force in 
* A, f= Force in 4, e=Force in B, and z=Force' 
in 6. Now 1 ſay, that becnule AFa=B+, 
| therefore F-. For (by the Law of the 
Dentripetal Force found in the laſt Problem) 
Tis F Ji: Aitay and p:m:: B:, from Whence 
ſince A-Ha=B-Fb, alſo FHF ſhall = e-, that 
is, the Sums of the Centripetal Forces in the 
Extremities of each Pair of theſe Conjugate Dia- 
meters ſhall be ages it 
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Ia Ellipſes she Dr Bar 
ing any Diameter, as A . — 5 
1 the Cutves u C and 45 the Centripetal 
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have the ſhorter Axe common to them, both. 
For, by the Suppoſition, tis L*7::6: B, from 
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Souppoſing ue in * laſt dle; the Ve- 
locities in the Extremities of the longer Axes 
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the longer Axe being common, the Veloci- 
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the ſhorter Axes directly; and (by Cor. IX.) the 
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the Extremity of the ſhorter Axe are as the 
| 1 Axes directly. Again, (by Gor, IV. J ſup- 
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. Two Ellipſes be 'Y W to one 
another, that the ſhorter. Axe of the one be 
equal to the longer Axe of the other, then the 
Velocity in the Extremity of the longer Axe 
of the one Ellipſe ſhall be equal to the Ve- 
locity in the Extremity of the ſhorter Axe of 


the other. For the Expreſſion of the Velocity 


in the Extremity of the Weir Are of one 
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IFR che Center of the Ellipſe C be imagin d 
to remove to an infinite Diſtance, and ſo the 
Ellipſe to change into a Parabola, a Body ſhall 
move in'the fame with an equable Velocity. 
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be reciprocally as the Perpendicular from the 
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TERE the Linzola QRi is ſuppoſed to be 
Parallel to Sp, ſo that N is a Pa- 
rallelogram; j alſo the Lincola QT is a per- 
pendicular to SP, PF perpendicular to the Con- 
jugate DR; the points S and H are the Foci, 
and all the reſt as at Prob. VI. before, It mult be 
premiſed before we proceed to the Inveſtiga- 
tion with. the admirable Author, that EP (cut 
off by CD, the Conjugate to PG) is equal to 
AC, half the longer Axe. For drawing IH 
from rhe other ,Focus H parallel to DC, we 
have SC =CH from the Natnre of the Fees, 
and ES EI, becauſe of the Parallels EC and IH, 
Again, ſince SP IP7}-2EI, and conſequently 
IP-+EI (that is EP) — 1 ; *tis plain, that 
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to DR.) Ne re and conſequent-. 
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the longer Axe of the Ellipſe. This premiſed, 
we proceed to the nigen of the Law 
of the Centripetal Force. 
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RE Ad and CB (#16. XVI) * the 
* emlirs PG, KD Two Diameters con- 
jupate to each biber, Qr and PF Perpendecu- 
lars to thoſe” Diameters reſpectiyely, Q an 
Ordinate to PG. The Points S and H are the 
foci, and from 8 is drawn SP, cutting the 
Diameter DK in E, and the Ordinate Q in 


x, and the Figure QRP is ſuppoſed to be a 
Parallelogram. All the reſt as before in the 
Ellipſe, and other Figures drawn for the ſame 


Purpoſe. Now, it muſt be premiſed here 
alſo, that the Line Ep (cut off by RD, the 
Conjugate to PG)'is'= AC, the Semi: tranſverſe 
Axe: For drawing Hl from the other Focis H, 


parallel to DC, we have SC=CH from the Na- 


ture of the Foci; alſo Es is EI, becauſe of the 

Farther, ſince 2EI = 

SÞ-1-IP, and EI-SP (SEP) = IP-EI; tis evi- 

_WP-EFrE-SP_ IP—SP. 
2 2, 


dent, that EP is = 


But now, from Conick Sections, the Angles IPZ 

and HPR are equal, and conſequently their 

Alternates HIP, IHP are equal alfo (for IH pa- 
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Therefore PH & l, and b Ep ID is 
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to be equal to . 
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Ping of one Sep upon another, that 1 
need not make the tedious Repetition, hut leave 


the induſt rious Reader to draw it out him- 


ſtanding but the eaſie Proceſs in the S 
Problem. And the Concluſion here will be, as 
there, that the Centripetal Force is Recipro- 

cally, as SPa, that is the * the bine 
from me Focus. 2 71 * 
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| ET (FIG. XVILY AO be the Axe of the | 
Parabola, PO an Ordinate, S'the-Fotws, 
from which is drawn 8p to the Point P, and 
thro' the ſame the Diameter YPG. Let PM 
touch the Curve at P, and AG be am pa- 
A rallel to PM. WY | 
4. Let AO=s. AG=s. SPA. Am. Ae 
| of the Axe p. Parameter. of the Diameter 
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[ to AO, and A8 is, by the Hypotheſis, paral- 
9 ljel to PM. Therefore ſince MA 1 is A0 
| (from the Nature of the Parabola) PG, which 


1 is MA (from Parallels) i is alſo= AO; ſo that 
PG=z; alſo PM (from Parallels) is = k And 
becauſe tis a known Property of this Curve, 
that AS or n is =] p, therefore SO = z— 15. 
Now, from the Rectangular T riangle PMO 
we have r =4x* Tyy=4x* e pe (for AG is 
an Ordinate to the Diameter PG) from whence 
F. Again, from the Rectangular Tri- 
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